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PREFACE. 



It can hardly be imaged ibat auy one in the present 
day can be indiffereat to the subject of Steam Po-mer, 
especially in its apphcation to locomotion. A difficulty, 
however, occurs to many persons desirous of becoming 
acquainted with the principles of this discovery, from the 
intricate calculations, frequently of a mathematical and 
ftlgebraical character, which are found in the more com- 
prehensive treatises on the Steam Engine. It occurred 
to tlie author of the present work that, without entering 
into the details of abstract research, the general applica- 
tion of chemical and mechanical science to the operations 
of steam power, might be explained in a manner suf- 
ficiently ^opwiir to give the reader an immediate interest 
in the subject, and to stimulate him to pursue the inquiry 
by the perusal of more elaborate and systematic works. 
How fai- he has succeeded in his object must be left to 
the reader to determine. 

In following out the plan, above indicated, it appeared 
ileairable to proceed at once in medias res, and to ilk 
trate each principle of science by direct reference to 
bearing upon the machinery and operation of the stes 
engine. A short prelimmari/ chapter Is given, explan 
tory of some of the immutable properties and laws 
which matter is subjected. The doctrine q5 ■w'sixS. 
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termed Latent Heat, the influence of AtmoBpheri< 
sure, the Elastic Force of Steam, the Printijilea of the 
Condenaation of Steam and of the consequent production 
of a Vacuum, together with the apphcation of these 
agencies in developing Mechanical Force, as a moving 
power., are briefly sketched. The reader who is already 
acquainted ivith these principles, may pass over this 
preliminary matter, and refer to it as occasion may 
require. 

In the second chapter, tie Rise and Progress of Dis- 
covery, together with the early Applications, of Steam 
Power, are traced up to the era of Smeaton, in 1 772. The 
ingenious toys of Hero, the wheels and pestles of Branca, 
and other contrivances invented at this early period, 
will afford amusement to the searcher after antiquarian 
curiosities. Mechanical apparatus In the form of wings, 
and of chariots, for excursions to the moon; machines 
for the continual utterance of "sweet sounds" by means 
of mills and of fire ; engines for the diiferent objects of 
rocking cradles and of turning spits ; instruments for 
effecting perpetual motion; — these, and numerous other 
torturings of ingenuity mark this characteristic period in 
the annals of science and art. But in the profounder 
researches of Lord Worcester and Sir Samuel Morland, 
and in the estension and development of chemical and 
mechanical science by Papin, Savery, and Newcomen, 
we are enabled to trace alt the rudiments of a perfect 
engine, requiring only the talismanic touch of a master 
spirit to arrange the disjecta membra, and to produce 
at once symmetrical organization and harmonious action. 
Tredgold well observes, — " Our imperfection conaiBts 
generally in not being able to foresee all the circum- 
stances which have an influence on the effects of causes; 
but in proportion as we proceed in knowledge, we also 
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6' gteater powers of perception : that which was at 
firBt difficult becomes easy, ajid the miud is often roused 
l^ the bright gleam of truth, breaking as it were acci- 
dentally upon a mass of obscure ideas, and rendering the 
true soluLian of the difficulty at once obvious; and, as 
my gifted countryman Emerson has remarked, ' the 
labour and fatigue of seeking after it instantly vamehee.' " 
The third KoAfourth chapters are devoted to the 
Era of Watt. The boyish fabricator of 'candle-bombs,' 
the cutler and whitesmith, the maker of compass legs, 
the repairer of fiddles and fishing tackle, the tuner of 
spinets, tie retailer of nick-nacks of various kinds, the 
Bpectacle-maker, yclept optician, who "jobbed on his 
own account" at Greenock and at Glasgow; — this man, 
with acquirements not beyond the limited knowledge 
necessary for the business of a surveyor, indolent from 
weak health, procrastinating from an active but desultory 
imagination, possessed of little curiosity even on subjects 
which might have been considered vitally essential to his 
interests, absolutely insensible to fame and undisturbed 
by mercantile ambition, yet, with all this, of a fertile and 
exquisite invention (Stewart) — this man st'dl lives as the 
Inventor of the modem Steam Engine. In his hands the 
atmospheric engine of Newcomen immediately became a 
ateam engine; "from the first," he observed, "I in- 
tended to operate with steam instead of the atmosphere, 
and my apparatus was so constructed." The labours of 
Watt were successfully devoted to the completion of the 
Single, and the Double Acting Steam Engine, the latter 
of which is at the present day employed, with certain 
modifications, for the purposes of Steam Navigation. 
The details of Hie machinery composing these engines 

^ are illustrated separately, and in their combined capacity. 

I A concise, but sufficient, description is given, of vVa 
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essential parts of llie enginee, viz. of the boiler, 
cylinder, the condenser, and the air-pump, and of 
relations to each other ; of the modes of equalizing 
action of the engines, as by counter weights, by 
wheels ; of the methode of regulating the power of 
engines, as by vaWes, by governors; of the nature 
operation of crank motions ; of the mechanical combi 
tion for producing the parallel motion ; and 
particulars. 

In the_^(A chapter, the mode of employing steam In 
expansion is explained. The economical application 
this principle is pointed out, with reference to 
duction by Watt, and to its adaptation by Hombloi 
and Woolf to certain modifications of the machinery 
engines. This chapter concludes with a descripti< 
illustration of the ingenious engine of Cartwright. 
In the sixth and seventh chapters, the variou 
of the modern steam engine are considered sepa 
preparatory to the consideration of them m their 
bined condition, and in their relations tu each othi 
subsequent chapters. Some preliminary remarks 
made on the laws of combustion, on the efiect oi fuel in 
producing steam, and on the modes of measuring the 
pressure, or tension, of steam. These chapters are then 
devoted to the consideration of the construction and pro- 
portion of the several parts of the steam engine, as of the 
safety apparatus; of the boilers, with the precautions 
necessary for their safety and effect; of self-regulating 
furnaces; of cylinders and pistons ; of valves, with refer- 
ence to their form and mode of action; of the mechanism 
by which the valves are worked; and of the apparatus 
for indicating the pressure of the steam in the boiler. 
Appropriate illustrations are given of all these parts 
their separate capacities. 



In the eighth chapter, some remarke are made on the 
mechanical po?Ber of steam. Under this head, the 
several methods of developing power from steam ore 
noticed, with reference to the machinery described in the 
preceding chapters. The relations esisting between the 
pressure, temperature, and density, of steam, and the 
application of these laws to the experiraenta and theory of 
M. de Pomboiir, are pointed out. The chapter concludes 
with some observations on the dutff, and the power, of 
steam engines. 

The ninth chapter ie devoted to a succinct account of 
Locomotive Engines on Raiheays. The subject com- 
prises the early history of the invention, with the inge- 
nious but abortive contrivances for locomoUon, by which 
that period was characterized ; and the recent history of 
locomotive engines on railways, dating from the time of the 
"Liverpool Experiments," and extending to the newest 
improvements of the present day. The subject is illus- 
trated by an elevation and sectional views of a modem 
engine. Some remarks are added on the construction of 
railroads, the resistance produced by friction, and tlie 
effect of gradients. The chapter concludes with a few ex- 
tracts from the Parliamentary Report on Gurney'a Steam 
Engine, as adapted for common roads. 
I The tent/t chapter is devoted to the subject of Steant 
ylfaviffation. Its early history is briefly traced. The 
differences which occur in the machinery and modes of 
action of the land and of the marine engine, and the 
relations which subsist between the several parts of the 
latter, are described and illustrated. A comparison has 
been drawn between the common injection engines, and 
liiose fitted up with Mr. Samuel Hall's patent condenser; 
■taid some facts are added from Parliamentary Reports 
nrith reference to the performance of vessels {i.tavAvali. 



with the two kinds of condenser. The various formi of I 
paddle rolte^l which have been succeHsively introduced, 
afford an intercBting proof of the efforts which have been 
ma/le to obviate the difficulties of propubiou in a liquid 
medium. The combined machinery, and its mode of 
operation, are illustrated by a complete view of a marine 
en^e, accompanied with appropriate descriptions. Some 
observationB are added on the mode of propulsioii by 
means of the .AreMmedean Screw, and on the perffHrn- 
ancc of some vessels fitted up with this machinery. The 
best proportion of power to tonnoffe, required for the 
useful effect of steam vessels, is a subject of conaiderahls 
interest, with reference to the extension of steam navigfr 
tioii to remote parts. The chapter closes with bohw 
remarks on steam navigation in America. 

To expatiate on the unpwtamee of the subject of steasi 
power, in reference to its influence on the relations <rf 
society, would be superfluous. To " annihilate both time 
and space" — the object of the poetic visionary — may, in 
a restricted and sober sense, be already reckoned among 
its exploits; its capa.b!litics are houndlessj its results 
incalculable. 



2, Sussex Place, Regent's Park, 
Ftbruary, 1842. 
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. Generid Effects of Heat upon. Bodies.— One of the 
it general and obvious effects of Heat, is expansion i all 
^dies when heated expand, or increase in bulk, and on 
aooling thej contract, or return to their original dimensions. 
Solid bodies expand much less than those which are liquid 
«r gaseous, and are consequently not employed as a moviog 
" ir the purpose of transport Liquid bodies present 
several phenomena on the application of heat, of sufficient 
importance to quality them for locomotiye purposes ; the 
expansion of water, for instance, is forty-five times greater 
I. Gaseous bodies expand much more by 
beat than liquids, their particles being in less intimate union, 
md less under the influence of cobeaiye attraction ; the ex- • 
oansioD of air, for instance, is eig-bt times greater than that 
flf water. Bodies which undergo expansion by heat, un- 
de^o also an increase of temperature ; and aa these two 
effects are always simultaneouB, the one has been adopted as 
■e of the other. Upon this principle is constructed 
n thennomeler , which is merely an instrument for 
.measuring degrees of temperature by their effect in the ex- 
e liquid body. It consists of a glass tube with 
a bcire of very small and regular calibre, having a bulb blown 
1 its extremity ; the bulb and part of the lube are filled 
with mercury, this metal being the most uniform in its 
pansioo at all temperatures. By boiling the mercury, the 
expelled from the rest of the tube, the extremity of 
which is then hermetically sealed. A scale marked with 
degrees is attached to the tube, and the variations of U 
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perature are indicated by the espanaion or ascent, 
contraction or descent, of the mercury; and these e 
ascertained by aimple insjiection of the scale. Of the di 
grees of the scale, there are two which, ander (.'ertain tit- 
cumstances, alwaja present the same phenomena ; these SR 
the Jreezing and boiling points of water, all the intemiediaW 
delves being arbitrary (livisions of the space between thcM 
two fixed and unchangeable points. In Fahrenheit's thar. 
momeCer, which is employed in tliis country, the inter 
diate space tietwaen the freezing and boiling points of w 
is divided into 180 parts or degrees, the freeKing bebf 
marked 32°, and the boiling 212°. This scale was adopted 
from an erroneous idea that 32 of th^e degrees below tk 
freezing point of water, which is therefore marked on I 
scale, indicated the zero, or greatest degree of cold. 
discovery of the error, a series of descending degrees mi 
added bdow the zero point, having the sign - 
prefixed to them. The Ceiitiffrade thcrraometor was con- 
structed by Celsius, and is employed in France ; it eonsiiU 




^ STEAM POWEH. 
in an airaDgement of the scale, in which the freezing poiot 
[b marked 0, or zero, and the hoiling point 100°. In Re.ua- 
's thermometer, which is emplojed in the north of Ger- 
many, the freezing point is marked 0, or zero, and the hoil- 
ing' point 80". The degrees are continued of the same size 
below and aboTe these points, those below being reckoned \ 
negative. A figure is added in the preceding page, showing 
-the correspondence of the three therinameters with each other. 
These different modes of graduation are easily convertible: 
the Centigrade scale is easily reduced to that of Fahrenheit 
by multiplying bf 9, and diyiding by 5; that of Beaumnr 
to that of Fahrenheit by dividing by 4 instead of 5 j or that 
of Fahrenheit to either of the others, by reversing the pro- 
Thua:_ 

Cent. 100° X 9 = 900-i-5 = 180 +32 = 212" Fahr. 

Keaum. SO" k 9 = 720 -*■ 4 - 180 + 32 = 212° Fahr. 
'Or, by reversing the order: — 

Fahr. 212°— 32-180 x 5 = 900-;- 

Fahr. 2 12° — 32 - 180 x 4 - 720 -t 

2. Sources of Steam Power. — The natural phen 
by which the Steam Engine becomes a moring power, lire 
few and simple. They consist in the mechanical forces pro- 
duced: — I, bff the expansion ofwaier into steam ; 2, bff the 
elasticforce of the steam thus formed: and 3, bff the recan- 
n of steam into water. Water is capable of existing 
in the solid state as ice, in the liquid state as water, and ii 
the vaporous state as steam. These changes of state depend i 
npon varieties of temperature and atmospheric pressure ; and 
they are connected with certain phenomena which must be i 
generally explained, before their application to the Steam i 
~ « understood. They may be studied in the fol- 

lowing order: — 



= 100° Cent. 



" Thia, unJ aevecnl olher puragrHpha of ibc prf rcp 
taken from the first chapler of the Author's Manmil of Chckiilrn, b 
which the reader ii referred for further information oi ' - - 



1. Melting iif Ice : Latent Heat. 

2. Boiling of Water ■ Latent Heat. 

3. Inflttejice of Almonpheric Pretsure. 

4. Pre»sKre of Fluids inevery direction. ■ 

5. Elastic Force ofSleam: High- Pressure Steatn^ 

6. Condensation of Steam. 

7. Production of a Vacuum. 

8. Mechanical Force produced by the precedinffopere 

9. Economical Applications of Heat. 

8. Melting of Ice : Latent Heat. — If a mass of ice be in- 
troduced into a warTti room, and a thermometer be applied 
to it, the temperature of the ice will continue to rise, till tbt 
thennometer stands at 32~; it there remains stationuy, 
althoogh heat is couticnally entering into the melting- ice, if 
before ; aod it will remain so, until the wliole of the ice ii 
melted. The heat which is abaorbed by the ice during [be 
change from the solid to the liquid form, is termed ias«u£bk 
or latent, in consequeoce of its not affecting the thermDmC' 
ler. The amount of heat which is absorbed and become) 
latent, in this process, may be estimated by the time durti^ 
which the thermometer remains stationary; it will be found 
to be a hundred and forty times as long as the time required 
to raise the water, in the liquid state, one degree. The 
quantity of latent heat therefore, of water, is 140 degrees; 
or, in other words, the difference between a pound of wata 
at 32°, and a pound of ice at 32°, is, that the former contjuns, 
in a latent state, as much more heat than the latter, as would 
suffice to heat another pound of water a liundred and forQ 
degrees. — Tlie heat which is latent in water, is liberaW 
and rendered sensible when the water is reconverted into 
ice ; this may be proved in the following way. Water 
may be cooled down many degrees below 32° without trett- 
ing, provided it be kept perfectly still ; it has been cooled 
as low as t". If it be cooled down to this temperature, and 
a tremulous motion be then commiuiicateil to it, congelation 
is deLeririnad, a large poTlion ot U is suddenly converted 



to ice, and the latent heat is liberated in such quantity a: 
I raise the temperature of the whole mass suddenly to 32". 
i. Boiliaijof Water; Latent Heat. — So soon as theentira j 
ass of ice is melted, the thermometer cooti 
I until it has reached the temperature of the room. If heat • 
ow applied to the water, by means of a lamp, a therniu- 
T placed in it will gradually rise until it reach the toni- 
I perature of -IVi", and no addition of heat will raise it a 
I degree higher, provided the water be in an open vesael. A 
1 new process now begins: bubbles are formed at the lower 
I part of the vessel, rise to the surface, and escape with c 

on in the form of Steam, This constitutes ebtiUition, > 
or the boiling of water. Steam, as it rises iri 
212°, exhibiU the same phenomenon as oceurs 

on of ice into water at 32": a quantity of heat is absorbed 
which serves only to change the form of the body, in tilia 
:e converting water into steam, as in the former it con- 
Tcrtad ice into water, — in both cases being termed insensible 
>r latent. A much larger quantity of heat is absorbed during 
the formation of steam trom boiling water, than during the 
melting of ice ; its amount may be estimated, as in the for- 
case, by the timeduriugwlilch the thermometer remains 
Stationary at 212°; it will be found to be five and a half 
I as long as was required to raise the water from the 
freezing to the boiling point, that is, to raise it 18(J degrees. 
Thus, if the application of heat from a lamp were required 
ne hour, in order to raise a quantity of water from 82° 
t« 212", it will require the application of the same heat for 
3 huurs and a half, in order to convert the whole of the 
fritter into steam. The product of these uunibers is 
The latent heat of steam is therefore estimated, in round 
DUmbers, at 1000 degrees; or, in other words, sufficient heat ' 
IB absorbed, diuing the formation of steam, to ra 

,ure of an equal quantity of water a thousand degrees, 
a steam is reconverted into water, the latent heat is 
jUberated and becomes xtnsible. Hence, a gallon 
In tlie form of steam, when added to toli). vjaiet, V'fi''inv?»sl J 
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6 BOILING POINT OP WATEE, 

more heat to it, than a gallon of water at the same tempera- 
ture as the steam; one part of water, for instance, at 212% 
will raise the temperature of 100 parts of water at 50^, only 
one degree and a half, whereas one part of water in the form 
of steam will raise 100 parts of wat^ as high as eleven 
degrees. 

5. When Sea Water is employed, the boiling point Taries 
in consequence of the greater density of saline water than 
that of pure water, and the force of the steam yaries accord- 
ingly. Sea water contains 3^ per cent, of saline matter, of 
which conmion salt, or chloride of sodium, constitutes the 
largest ingredient. Now, as the saline matters do not rise 
with the steam, the water in a boiler supplied with sea water 
becomes gradually more saturated, and after a certain time 
begins to deposit salt, sometimes to the detriment of the 
boiler. Considerable difficulty has arisen in applying the 
steam engine to the purposes of marine transport, from the 
necessity of supplying the boiler with sea water, instead of 
fresh water. During the first trip of the City of Edinburgh 
steam ship to Leith, in 1821, the deposit of salt was so con. 
siderable as to require its being cleared out during the pas- 
sage, while the vessel proceeded imder her canvas. This 
circumstance induced the manu^susturers of the machines, to 
adopt a method of removing the saturated water from the 
lower part of the boiler, by means of a pump, and subse- 
quently by means of blow- off pipes and cocks, as is now 
generally adopted. The boiling point of water appears ta 
rise one degree for each addition of 2*6 parts to the propor- 
tion of common salt in 100 parts of water, or very nearly so. 
Tlius, the boiling point of sea water, supposed to contain 
3*03 per cent, by weight, of saline matters, is 213*2 ; if the 
saline matters amoimt to 6*06, the boiling point is 214*4; 
and so in proportion. When the proportion of saline matter 
amounts to 36*37 per cent., the solution is saturated, and 
the boiling point rises as high as 226**. The variations in the 
force of steam generated from salt and firom fresh water^ are 
noticed at page 11. 



rSFLTJENOE OF ATMOSPHEKIC PEEBSTTKE. 

6. Jaflueiwe of Atmospheric Pfetsure. — The temperature 
t which st«3m is formed, depends on the degree of Almo- 
fpkeric Pressure to which Ihe water from which it is formed 
S subjected. The ACmoaphere is supposed to extend about 
fbrty-five miles in height around the earth; and itpresses, 
under ordinary circurastanceii, with a weight of fifteen pounds 
a each aiguare inch of the surface of the earth, and of a" 
Ijbodies upon it We accordingly find that water boils a 

!r degrees of temperature, aa we ascend higher from the 
Burfaee of the earth, the pressure of the atmosphere being 
^eatest at tlie level of the sea. An ascent of 530 feeCcc 
(be boiling point of water to be lowered one degree of 
perature ; at an elevation of 2'705 miles from the surface of 
le sea, the atmosphere loses half its density, or one volume 
expanded into two volumes; the density is again halved 
IT every 2-7 miles of additional elevation. When it is said 
that water boils, or, what is the same thing, that s 
formed, Bt212°Fahr., it is always understood that the atmo- 
spheric pressure is equivalent to a weight of 15 pounds ( 
every square inch, or to that of 30 inches of mercury, as in- 
dicated by the barometer. For every inch by which the 
barometer varies from this height, the boiling point of water 
a 1 '70 degree. The following are the variations between 
the atmospheric pressure as indicated by the inches of mer- ' 
cury in the barometer, and the boiling point of water; — 

27-74 208° 

28-29 209« 

28'84 210' 

29-41 211° 

29-S 212* 

30-0 213- 

When tteo ormore atmospheres are spoken of, the term sig- 
jnifies multiplied pressures of air arising from condensation. 
If a mercurial column of GO inches in height presses upon a { 
given surface with the same weight as the atmosphcn 
ordinary state, it follows that a 60-\nt\i.«Jto.'nwi~i£ eo^-ii. ^n ■^ 
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8 PHESSUKE OP FLUIDS, 

pressure of two atmospheres, 15 inches to half an atl 
and'l inch to onu-tliirtieth of the atmospheric pressure. Tin 
influence of the atmospheric pressure on the formation of 
steam may be readily proTed by removing the pressmt 
altogether, as by means of ao air pump. Liquids boil in i 
vacuum at a temperature of about 145 degrees below thm 
usual boiling point. If hot water, with a thennomcter in it, 
be placed under the receiver of an air pump, the water boilt, 
and the temperature falls, as the air is being exhausted ; u 
the water receiyes noheat from without, a portion of its sen- 
sible heat is employed in effecting the change of form. 
Water boils in a good vacuum at 67". The heat of the hand 
issutficieot to make water boi! in a vacuum, as is exemplified 
hi the common pulse glass. In the absence of an air-pimip, 
the same principle may he illustrated hy a simple exjicTimenl. 
Some water is made to boil in a glass flask over n tamp ; the 
flask is then closed with a cork, while the upper part is filled 
with steam, aud it is removed from the lamp. When tbc 
boiling has ceased, it may be renewed on plunging; the iaA 
into cold water, and the colder the water is, the brisker will 
be the ebullition. On removing the llask froui the coU 
water, and plunging it into warm water, the boiling agiun 
ceases ; it may again be renewed on again immersing tht 
flask in eoldwaier. In thU experimeut, the boiling ceastt 
on corking the flask, owing to the pressure exerted by the 
confined steam on the suri'acc of the water ; on phmging the 
flask into cold water this steam is condensed, and the water 
again boils under the diminished pressure; on immersinB 
the flask in hot water, the steam is no longer condensed, and 
by its pressure it again prevents the boiling of the water. 

7, Pressure of Fluids in tvery iHreclioii. — There is another 
property by which air, and other elastic fluids, are dis- 
tinguished, and wliioh is important in the action of the 
Steam £ngine : they traiisiiiU pregsare equalli/ in every 
direction. I. If a vessel, of a cubical ibot in capacity, be 
supposed to he flUed with atmospheric air, the elasticity of 
the particles of the fluid is such, as to press upon every 
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square inch of the bottom, the sides, and the top, of its 
inner surface, with a force amounting to a weight of fifteen 
pounds ; this pressure being quite independent of the ineigkt 
of the air. Hence the lateral, oblique, and upright preB- 
surea of air, arising from its elaaticitf , are equal in amount 
to the downward pressure of the entire weight of the atmo- 
sphere, -l. This elajjtie property of air varies with the in- 
crease and decrease of the capacity of the containing vessel, 
and in an inverse ratio. If one cubic foot of air be intro- 
duced into a vessel of two cuhic feet in capacity, the 
amount of pressure in every direction is halved ; if tlie cnlttic 
foot of air be compressed into a vessel of the capacity of 
half a cubic foot, the amount of pressure will be doubled. 
3. The elastic property of air may he readily illustrated by 
U^oeans of tile common barometer. This instrument is merely 
I tube containing mercury, having its open end inverted into 
reservoir containing some of the name metal. The 
e of the atmosphere upon the mercury in the reser- 
rcw supports, under ordinary circumstances, a column of 
inches of mercury in the tube. The space dbove the 
lercury in the tube is a vaaium. If a portion of air be 
mitced into this apace, it presses by its elasticity upon the 
ircury, which continues to descend in the tube until its 
sssure, together with the weight of the mercurial column 
naiuing in the tube, be supported by the weight of the 
nosphere. By pursuing this experiment, the elastic fbrce 
H small portion of air confined in a tube, is balanced 
ainst the entire weight of the whole atmosphere. The 
tstic force of the air may thus be exactly ai^certuined : for 
sry two inches of mercury which are espelled from the 
9e, the aiuuunl of the pressure of the enclosed air is one 
und, or very nearly so, the weight of two cubic inches of 
srcury being eiaetly IS'CS o/., or(J-(l6 lb. 4. The elas- 
ity of air increases with its temperature ; the more heat, 
irefore, which is applied to any air or gas confined in a 
lael, the greater will be tlie pressure on every part of its 
erior surface. 
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perature to which the cold body h raised by the heat gU 
steam. Id order to produce eilecUve aud rapid condeiuM 
Deverol circumatancea are required, viz., a large qtuidfl 
great degree of coldueas, and a rapid conduction of bifl 
the cold body employed for can dentation. The greoufl 
quantity uf the cold body, the less will its temperaUM 
raised ; aod the colder it is, the more will the elastiaB 
be reduced ; hence, in order to reduce the elastic foifl 
steam as low as possible, the quantity and coltlnees tm 
cooling body should be as great as possible. Tin m 
effective cooling body for condensation, ia imiIctJ 
operation may he illustrated as follows. If the enbill 
of steam, formed from the cubic inch of -water at AM 
already described, be received into a vessel which jlU^ 
tains it, and o^ cubic inches of water at 32° be injectcfl 
the vessel, the steam will inicaediately communicate tt»ti| 
beat to the cold water, and will itseli' return to the m 
form. The vessel will then he found to contalo 9^(1 
inches of water at 2 1'i"; of these, 5^ have been raisedS 
32" to 212", by the latent heat of the steam, and the rend 
JDg inch retains the temperature wliich it had when in ' 
form of steam. These results agree with those above ( 
scribed, as taking place in the prodnction of steam & 
water (p. 5). In order to convert a given quantilj 
water at 212" into steam, it required 5^ times as iiiucbb 
as was required to raise the same quantity of vvater trom 
treezing to the boiling point. Reversely, during tlie reii 
tion of steam to water, the former parts with as much M 
as is suificient to raise 6^ cubic inches of water frum 3if I 
212°; that is, 5^ times lbU° ; thatia, 990°, or the latenthM 
of steam. 

10. Production of a Vacuum. — The condensation of t 
just described, is obviously attended by the imporlani 
of producing a vacuum. A cubic foot of steam co 
1728 cubic inches -, when this quantity of steam is 
denaed, one inch of water is found in the containing vw 
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while 1727 inches of it remain unoccupied ; in other words, 
the vessel, with the exception of one cubic inch of water, 
presents a vacuum. This may he illustrated by a simple 
experiment. If a little water or ether be put into a glass 
tube, open at one end, and blown into a bulb at the other, 
and the bulb be held over the flame of a candle, the liquid 
will boil, and the steam issue copiously from the tube. If 
the tube be now inverted, and its open end be plunged under 
cold water, the steam in the tube will be condensed, and the 
water will be forced up suddenly into the tube, and fill the 
bulb. It is a law in physics', that, when a vacuum is pro- 
duced, the surrounding bodies have a tendency to rush into 
it with a certain force. The production of a vacuum becomes, 
therefore, a source of considerable mechanical power. 

11. Mechanical Force produced by the preceding ope- 
rations. — The application of the foregoing principles, as a 
moving power in the Steam Engine, may be illustrated by a 
little instrument contrived by Wollaston. It consists of a 
glass tube, which is enlarged at one 
end into a bulb, and is open at the 
other. A piston p is fitted to this 
tube, so as to move up and down 
with ease, but at the same time to 
be air-tight. Some water is put 
into the bulb, and heated ; steam is 
formed, and the piston is raised to 
the top of the cylinder. In this 
case, the elastic force of the steam 
is the moving power, and this force 
is proportionably greater, as the 
piston is more loaded, and the steam 
more confined. If the bulb be now 
plunged into cold water, the steam 
in the cylinder is condensed, and a vacuum is produced 
below the piston, which is now forced down to the bottom of 
the cylinder by the pressure of the atmosphere. In this 




Fig, 3. 
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caae, the moving power is acquired by the 
the sleam, and the consequent production of b 
this is the priDciple of the common conilensiDg- engioB 
amount of mechanical force which may be produced I 
fbregoing processes, may be easily estimated. ~ 

suppose the water A in the tube A B, ia the 
figTire, to occupy tbe space ofa cubic inch, aud the 
surface of the piston P tobe an inch square ; if the 
weight of tbe piston be exactly counterbslancedb; 
aweightW acting over a pulley, it is evident that ■ 
the force of the atmosphere afcne will act o 
upper part of tbe piston, and that this force will 
be equal to a weight of fifteen pounds. It has 
been already stated that a cubic inch of water ex- 
pandsintolTOOcubicincbusofsleam; hence, tbe 
pistonwould be raised thisnumber of inches in the i 
tube, profided the latter were of sufficient length ; or, 
in other words, the mechanical force produced by tf 
ration ofa cubic inch of water is sufficient to raise aa| 
of ^fleen pounds to a height of 1700 inches, or I 
2. It is evident that, to raise fifteen pounds to * b 
142 feet, is the same thing as to raise 142 times 
pounds, that is, 2130 pounds, or nearly a, ton ^re^ 
height of 1 foot ; and, hence, it may be stated, i 
numbers, that the mechaniEal force produced bj/ Ihe 4 
ration ofa cubic inch of mater is sufficient to raisea 
ton weight to the height of oiie foot. 3. Let us noir pi 
the piston tobe loadedwithanotherweight of fifteen n 
so as to be acted upon by a pressure equal to t 
atmospheres. The results would be, that a tempc 
about 250° would be required to convert the 1 
steam, and that the piston would be raised to 72 feet, d 
more than half its former height. In this ei 
nical force would be suiBeieot to raise double the J 
weight to half the former heig:ht. And it may iM fl 
generally, that the hdght to whic^ the pieton ^ 
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16 ECONOMICAL APPLICATIONS OP HEAT. 

combustion of a quarter of a ton of coke, the yalue of which 
is six shillings. To carry the same number of passeng^ers 
daily between the same places by stage coaches on a common 
road, would require twenty coaches and an establishment of 
three thousand eight hundred horses, with which the journey 
in each direction would be performed in about twelve hours, 
stoppages included. 

(4.) The circumference of the earth measures twenty- five 
thousand miles ; and if it were begirt with an iron railway, 
such a train as above described, carrying two hundred and 
forty passengers, would be drawn round it by the combustion 
of about thirty tons of coke, and the circuit would be accom- 
plished in five weeks. 

(5.) In the drainage of the Cornish mines the economy of 
fuel is much attended to, and coals are there made to do 
more work than elsewhere. A bushel of coals usually 
raises forty thousand tons of water a foot high ; but it has 
on some occasions raised sixty thousand tons the same 
height. Let us take its labour at fifty thousand tons raised 
one foot high. A horse worked in a fast stage-coach 
pulls against an average resistance of about a quarter of 
a hundred weight. Against this he is able to work at the 
usual speed through about sixteen miles daily: his work 
is therefore equivalent to one thousand tons raised one 
foot. A bushel of coals consequently, as used in Corn- 
wall, performs as much labour as a day's work of fifty 
such horses. 

(6.) The great pyramid of Egypt stands upon a base mea- 
suring seven hundred feet each way, and is five hundred 
feet high, its weight being twelve thousand seven hundred 
and sixty millions of pounds. Herodotus states, that in 
constructing it, one hundred thousand men were constantly 
employed for twenty years. The materials of this pyra- 
mid would be raised from the ground to their present posi- 
tion by the combustion of about four hundred and eighty 
tons of coals. 
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) The Menal Bridge consists of about two thousand tons 
n, and its height above the level of the water ia oue 
*d and twenty feet. Its muns might be lifted from the 
)f the water to its present position by the combustion of 
lushels of coal. 



How is the bulk of bodies affected by Heat ? State the 
Rrative expansibilitj/ of bodies in the three states of 
liquid, and gaseous. What is the Ihermometerf On 
principle ia it constructed? How is Fahrenheit's 
IOmeter graduated 7 What modes of graduation are 
ttd in the Centigrade, and io Reaumur's, thermoroeterF 
may the three modes of gradoation be mutually referred 
sh other? — 2. State the three mechanical forces in which 
a Power originates. On what two circumstances do 
langes ofjbrm, exhibited by matter, depend ? — S. What 
Mnenon takes place during the melting of a mass of ice ? 
t ia the moaning of latent heat ? What is the latent 
of water ? How may it be proved ? What is meant by 
'U heat ? How may the latent heat of water be ren- 
sensible* — i. Eiplain the process of eiuWid'on. What 
latent heat of steam ? How ma; the latent heat of 
be rendered sensible * — 5. What are the ingredients 
I water? How does the use of sea water act preju- 
ly in the steam engine ? How is the boiling point 
sea water? — 6. What is the amount of the pres- 
}f the atmosphere? How does this pressure affect the 
ig paint of liquids ? State some of the variations which 
between the atmospheric pressiu^ and the boiling point 
iter. What is meant by two or mora atmospheres ? 
may the effect of atmospheric pressure upon the boil- 
□int of water be proved? Explain the experiment oi 
ask, described in the eighth page. — 7. State the gew:,^-iA 
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law of the directions in which the pressure of fluids is 
exerted. What relation does the elastic property of a fluid 
bear to the capacity of the vessel which contains it ? Explain 
the structure, and the principle, of the barometer. How may 
the elastic force of a portion of atmospheric air be estimated 
by means of this instrument ? By what agency is the elas- 
ticity of a fluid increased? — 8. What is Steam? What quan- 
tity of water is required to produce a cubic foot of steam? 
What relation subsists between the elastic force of steam and 
the pressure of the atmosphere f What is meant by high-' 
pressure steam f What are the comparative forces of steam, 
as generated from fresh^ and from salt^ water, at the same 
temperature ?— 9. What is meant by condensation of steam ? 
What are the means employed for condensing steam ? Ex- 
plain the phenomena which take place in the condensation (^ 
steam. — 10. In condensing a cubic foot of steam, what 
amount of vacuum is produced ? Illustrate the production 
of a vacuum by experiment. — 11. Apply the foregoing prin- 
ciples to the action of a piston within a tube. By what force 
does the piston ascend f By what force does it descend? 
What amount of mechanical force may be produced by the 
evaporation of a cubic inch of water? — 12. Give some 
striking instances of the economical applications of heat. 
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CHAPTER II. 



£ABLT AFPLICATIOSS OF STEAM POWSB. 

13. General Remarks. — In the preceding chapter have 
been explained the natural phenomena on which the sources 
of steam power depend. But these forces cannot be made 
immediately applicable to the purposes of locomotion: an 
upward force may be required, but water falls downward: 
a circular motion may be wanted, but the impelling power of 
wind is rectilinear ; a particular direction may be necessary 
in which the pressure of steam is to be exerted, but steam 
presses with equal force in every direction ; in a word, the 
motion of the impelling power may be of one kind, and that 
required at the working point, of another and very diflferent 
kind. The forces, therefore, which actually exist in nature, 
or are called into existence by art, must be determined to 
the purposes required, by means of machinery, the great 
object *of which is change, or modification, of motion. A 
vertical motion, for instance, being produced by the fall of a 
stream of water, a circular motion is readily procured by the 
introduction of a wheel furnished with cavities around its 
circumference ; the paddle-wheel of a steam-boat furnishes 
an example of a continued rectilinear, produced by a con- 
tinued circular, motion ; an undershot water-wheel afibrds a 
continued circular, produced by a continued rectilinear. The 
principle by which the steam engine becomes a moving 
power, is exceedingly simple; the complexity aiises from 
the various kinds of machinery by which the force is applied 
to the required purpose. The history of the steam engine 
presents a series of the most brilliant applications of ma- 
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chinery which ha^e ever been witnessed ; and it is the object 
of this chapter, to trace the rise and progress of the inyen- 
tion, and to conduct the reader, by easy steps, from its 
simple to its complex state ; from the first production of the 
moving power, through the subsidiary details of mechanism 
which have been successively introduced. 

14. Herd*8 Machine. — The generation of steam from 
water by the application of heat, and the mechanical force 
produced by this means, appear to have been understood at 
a very remote period ; but their application to machinery 
devoted to the purposes of locomotion, is a discovery of 
recent date. The ingenious contrivances of early discoverers 
were devoted to objects of minor importance, as those of 
raising water, of propelling smoke upwards, &c. About 120 
years before the present era, an elegant machine was con- 
structed by Hero, of Alex- 
andria, in which a rotatory 
motion was produced by 
means of steam. A hollow 
globe placed on pivots, was 
furnished with a number of 
horizontal tubes radiating \ [ 

from it like the spokes of a 
wheel, and closed at their ex- ^*^* ^' 

tremities, with the exception of a small orifice near the end, 
and on the side, of each tube. The globe being supplied 
with steam, this fiuid rushes through the orifices with a 
force equal to the excess of its elasticity over that of the 
atmosphere. The recoil produced by this difierence of pres- 
sure, repels the tubes in the opposite direction, and a rotatory 
motion is produced, which may be conununicated to ma- 
chinery connected with the globe. 

15. Garay: De Cans; Branca, — Along interval ensued, 
during which there appears to have been no discovery in the 
application of steam power to locomotion. 1. In 1543, 
Blasco de Garay, a Spanish sea captain, invented a machine 
by which a vessel could be propelled without oars or sails. 
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The ezpeiiment was made in the port of Barceknu, ind 
appears to bave been sQccerafhL Bnt tbe nature i^ the 
apparatus, with the exception of a btnler having bera em- 
ployed, and wheels attached to the sides of the Tesul, waa 
concealed, and the experiment was not repeated. 2. In the 
early part of the next centniy, De Cans, a Fwac hm aii, 
published a Treatise on HonDg Powers and Haduoeiy, 
wlucb contained some indistiDct views ot the proeeMes of 
«yaporation aod condensatioii, bat cameled no iotelli^bte 
ideas of the elastic force of steam. He ascribed the mecha- 
nical force, occanoned by the eamttAm of water into steam, 
to the action of heat npon the air wiud is mixed with the 
water. He discovered that " water wiQ ntonnt by the help 
of Are, higher than its level ;" bnt tins process is described 
by him as depending on phyncal causes altogether ancon- 
nected with the properties of steam ; the tenn tieam, in &ct, 
is not mentioned in his, description of his machine. 3. In 
1620, Giovanni Branca, an Italian, contrived a machine 
friiich was employed for the varions purposes of rainng water, 
of sawing timber, ofpotuiding mate- 
rials, &c. His machine conusted 
of a wheel furnished vrith flat vanes 
around its circumference, like the 
boards of a paddle-irfaeeL Upon 
these vanes, steam was { 
from a close vessel. A rotatory \ 
motion was produced, and et 
nieated to appropriate machinery. -F^. 6. 

The results, however, of these and other discoveries made 
about this period, have never been rendered applicable to the 
purposes for which the modem steam engine is adapted. 

16. Marguu of Wbretster. — In 1663, the Marquis of 
Worcester published a work, in which he described a method 
of Tai«ng water to great heights by the pressure of steam. 
He found that the force of steam was suffident to burst a 
cannon; and, under the head of a Fire Water Work, he 
States: — " One vessel of water rarefied by fire, driveth up 
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forty of cold water ; and a man that tends the wot^ 
turn two cocks, that, one vessel of water being' consunied. 
another begins to force and re-ftll with cold water, aad « 
successively, the fire being tended and liept coostani ; wUd 
the self-same peraon may likewise abundantlyperforminllic 
interim between the necessity of turning the said cocU.*" 
Tlie nature of the machinery employed for tliis purpose iti 
less consequence to us than the fact, that an iRi]iortanl slf 
was here gained in the progress of invention, as, whaleis 
apparatus was employed, Ihe steam wan generated ii 
vessel, and applied to mechanical purposes in anoUio. 
according to the method at present adopted in steam eogbx* 
The effect produced was equivalent to raising- 20 cubic M 
of water one foot high, by means of one pound of coaIi,it 
about the 2000th part of the effect of a good steam eng^. Ii 
is obvious that there was much loss of effect by the conddlP 
able amount of condensation produced by the contact of tit 
steam with cold water. Sut the Marquis appears t 
been unacquainted with the effect of condensation, k 
plan of operation must consequently have been veryd 
1 7. Sir Samuel iabriond.— In 1675, Sir Samuel fi" 
obtained a patent for a powerful machine, by which be J 
enubled to raise water from the Thames to the top o 
Castle, and even sixty feet higher, in a continual s' 
the rate of sixty barrels per hour. In 1683, he publ 
work on " The Principles of the New Force of Fire," 
contains some calculations of the size of cylinder 
for raising, by steam, a certain quantity of water, to ft ^ 
height, in a minute. This work contains al 
the amount of expansion of a quantity of water into t 
which is remarkable for its approximation to the t 
this period. The machinery employed by Morland ii 
known. His researches appear to have had little ii 
on the progress of the practical application of steuii,.a 
employed in the present day. 

L ' A Century of ibe Names and Scantlings of Invcntioi; 
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' 18. Jienis Papin. — In 1695, Deaie Papin, a Frenchman, 
ID^geated the idea of raising a piaton nithin a cylinder hj 
iteam, and forming a partial vacuum beneath the piston by 
•oddensing the vapour, b; which means the atmuspherii; 
ITeasure might be brought to aid the effect of his apparatus, 
[bis caDtrivance for producing a moving power maybe fully 
inderstood, by referring to tig. 3, p. 13, and the description 
jhere given. The atmospheric pressure being equivalent to 
I weight of fifteen pounds on the square inch, if the piston 
iw supposed to have a diameter of only one si|uare foot, a 
^wer is hereobtainedof equal amount to a pressure of 1710 
pounds. "The real authors of the atmospheric engine," 
Dbserves Tredgold, " were very likely indebted to this sug- 
;e8tion; but neither Fapin himself, nor his rival Savery, 
JiBCOveredhow to turn this suggestion to advantage." Papin 
WM, in fact, ignorant of the means of procuring an effective 
^uum; he proposed to produce it bymeans of gunpowder, 
lad ailcrwards by common air-pumps worked by a water- 
trheel; the fire was aiteraately applied to, and removed 
^om, the cylinder J but the vacuum was always insufficient. 
Papin, however, produced a more perfect engine, after he 
ll&d become acquainted with Savery's machine, which, in the 
pder of discovery, must be next noticed. 

19. Savery's Steam Engine. — Thirty years after Lord 
SVorceater's death. Captain Thomas Savery conslrueted an 
rnigine, in which the force of steam is employed as a moving 
|iower for raising water. He appears to have discovered the 
principle of condensation by chance. Having drunk a flask 
of Florence wine, and thrown the flask on the fire, he called 
&r a basin of water to wash his hands. He observed that a 
nnall quantity of wine remaining in the flask began to boil, 
and tliat steam issued from the flask. He then seized the 
vessel, and pluogingitsmoQth under the surface of the water 
in the basin, found that the liquid rushed into the flask. 
This experiment suggested to him die possibility of producing 
W vacutaii by the coudenitation of steam, and bringing the 
atmospheric pressure to bear ujion llie "iafcHMni. 'Coms, ■^u- 



24 



saveet's steak ekgiwe. 




dnced. The adjoining figure, 
copied from Tredgold*s work 
on the Steam Engine, illus- 
trates the apparatus employed 
by Sayery. It consists of afar- 
nace and a boiler B ; from the 
latter, two pipes, furnished 
with stopcocks C, proceed to 
two steam Tessels S, only one 
of which is shown in the figure, 
the other being immediately 
behind it. Into the bottom 
of each of these steam yessels 
is inserted a branching pipe, 
connected with a descending 
main pipe D, and an ascend- 
ing main pipe A ; each branching pipe is furnished with 
Talves a, b, which open upwards, and preyent, by their 
action, the return of any water which may haye been forced 
up through them. One of the steam yessels being filled 
with steam, condensation is produced by projecting cold 
water, from a small cistern E, against the yessel ; and into 
the partial yacuum, thus made, the water is forced up, by 
the pressure of the atmosphere, through the descending 
main pipe, from a depth of about twenty feet. The steam 
being then introduced again into the steam yessels, the yalye 
b is closed, and the descent of the water preyented ; while 
the steam from the boiler pressing on the water in the steam 
yessel, causes it to raise the yalye a, and ascend to a height 
proportional to the excess of the elastic force of the steam 
aboye the pressure of the air. In this engine, accordingly, 
wateir is raised, partly by means of a yacuum produced by 
the condensation of steam, and partly, by the elastic force of 
steam ; the same steam which is subseryient to ^efordnff 
effect being rendered, by its subsequent condensation, 
subseryient to the re-production of the required vacuum. 
This engine was afterwards much simplified, one steam 



papik's steam ENGIKE. 25 

Bsel only being employed. The risk of bursting' the boiler 
s obviated by the use of the steel-yard safely valTs V. 
stopcocks C, by which communication Is opened with, 
nut oS'from, the boiler, were mana^d by the lisnd, the 
one bein^ opened when the other is closed. The boiler was 
supplied with hot water from a smaller boiler, in order to 
prevent loss of time in refilling it with cold water. The 
quantity of water in the boiler was ascertained by means of 
the gauge cock^,- if steam issues from this cock, when 
opened, there is too little water in the boiler. Savery's 
Bug-ine was successful in cases in which it was required to 
raise water to a height of only forty feet, but was inap- 
plicable to the important object of draining mines, owing to 
tlie vast quantity of eteam wasted by condensation in a oold 
teasel, and by means of cold fluid, and the danger of employ- 
^ steam of sufficient power to raise wafer to the height 
squired. 

i20. Papia's Engine. — Having become acqoainled with 
(very's engine, Papin published a work entitled " A New 
Ipthod of raising Water by Fire," in which his own engine 
escribed in its most improved s 




idler a, having a tube h, by which it is supplied with 
■ter, and which ia closed by a lever valve regulated 
a weight c. The boiler is connected, by a steam pipe 
■nished with a stopcock d, with a c^XYnftst J. "Twa 
■Under ia closed at the top, where it \* ■^ToV\ie& -^^ » 
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lever valve g^ regulated by the weight u ; the cylinder ter- 
minates below in a curved tube, which ascends into a reser- 
voir m ; the cylinder contains a floating piston z. Into the 
curved tube is inserted a funnel :7, communicating with a 
reservoir of water, and having a valve at A. The operation 
of this machinery is as follows : — The cylinder^ is filled with 
cold water by the funnel x ; the boiler a contains steam of 
strong pressure. On opening the cock d, the steam passes 
into the cylinder k, and pressing upon the floating piston, 
forces the water into the reservoir m; its return is prevented 
by a valve V at the lower part of the cylinder. The stop- 
cock d being then closed, and the cock e opened to allow the 
escape of the steam, the cylinder is again filled by the funnel x^ 
and the above process repeated. The water which has been 
forced into the reservoir m, is directed to any useful purpose 
by the pipe o. In this engine, the principle of forming a 
vacuum and bringing the atmospheric pressure into opera- 
tion, is abandoned ; the moving power being produced simply 
by the expansive force of steam. Papin considered this 
engine to be more effective than that which he had previously 
proposed. ** We now raise water," he says, "by the force 
of fire, in a more advantageous manner than that which I 
had published some years before ; for, besides the suction, 
we now also use the pressure which the water exerts upon 
other bodies in dilating itself by heat ; instead of which I 
before employed the suction only, the effects of which are 
more limited.** 

21. NewcomerCs Atmospheric Engine. — The drainage of 
deep mines was a matter of great importance, and the failure 
of Savery*s and Papin's engines in this respect paved the 
way to further experiment. In 1705, Thomas Newcomen, 
a smith of Dartmouth, obtained letters patent for the con- 
struction of a new kind of steam engine, in which he availed 
Idmself of the atmospheric pressure in a different way from 
that adopted by Savery. The novelty of this plan consists 
in the admission of steam beneath an air-tight piston^ and 
the condensation of the steam hy the injection of cold water 
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to the interioT of the cylinder. The use of a cjlinder 
d piston niaylie easily explained. In order that tlie pres- 
re of steam may be reodered available in machinery, the 
tm must be confined within a cavity which is air-tight, 
o constructed that its dimensions, or capacity, may be 
id with altering its tightaeas. When the steam enters 
^ a vessel, it enlarges its actual cavitf, by causing some 
reablc part to recede before it, and from this moveable 
otion is communicated to machinery. A hollow 
r having a moveable piston aceurately fitted to its 
institutes a vessel of this kind ; the piston, thus em- 
oyed, has an alternate or reciprocating vertical motion, 
lich may he converted into a circular motion hy appro- 
bate machinery. The engine employed by Neweomen, in 
it improved state, was as follows ; — Over a boiler a is 
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filed a cylinder c, containing a piston r, the 
connected with one of the arched extremities of alera 
working on a pivot ; lo tlie other extretuity of th« ba 
attached a chain connected with the pump-rod. Sodi ' 
simple outUae of the Atmospheric Bngtne. Itg ma 
operation is as follows;— Steam is admitted from UhI 
into the cylinder, through the tube /, by meatia of a i 
lating cock e, which is worked by a. handle avCait 
boiler; the pressure of the atmosphere above the 
being thus balanced by the force of the steam benealh^ 
extremity of the lever beam to which the piston 
is elevated by proportionate weights w attached to 
rod, and the piston is drawn to the top of the cylindir, 
other extremity of the beam being depressed. In o ' 
effect the descent of the piston, the steatn in the c; 
must now be condensed. The regulating cock e is i 
ingly closed, and the further admission of eteam prei 
another cock, called the condensinff each p, is now o 
and a jet of cold water is admitted through a tube &i 
cistern m, which is placed at a sufficient hei^t to a 
forcible injection ; the steam in the cylinder is instantly 
densed, a vacuum is formed, and the pressure of the ll 
sphere forces the piston to the bottom of the cylinder, 
the pump-rod on the other end of the beam is raised, 
is the general operation of Newcomeu's Atmosphei 
which is merely a pump worked by steam. The 
details of its operation are now to be explained. 

(1.) Tb.i quantity of water in the boikr IB regulatedl 
two gauge cocks, x, t, one of which x has 
little above the required height uf water, the other: 
Utile below it. On opening the cocks, if the water it 
proper height in the boiler, steam will issue from the 
and water from the cock z ; if steam issue &om both, 
is too little water in the boiler ; if water issue from 
there is too much. This mode of regulating the hdi 
water in the boiler was the invention of Savery, and 
ployed in the present day. 
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B.) A contrivance is added for tiie purpose of getting rid 
me air contained in the cylinder before tlie cogine is in 
Hilay, aod thus preveoting the engine &om being air- 
Rcf. Near the bottom of the cylinder is inserted a small 
k, opening into the atmosphere, where it is fiimished with 
Hve, which opens upwards, and is inserted into a sort of 
M, containing water. The heated air and steam in the 
Ipder, having sufficient elastic force to overcome the 
tespheric pressure, open this valve and escape with a 
pDg noise. This operation is called blowing the engine, 
Bre it starts ; and the valve, from the peculiar noise 
Hiding tlie process, is called the bloa'ing or mifting 

^.} Thenest object is to get rid of the injection water a.oA 

rfccondenaed steam ; for, however small the quantity might 
ISfter a few condensations, it is evident that it wonld 
feklf accumulate in the eylinder, and entirely check, the 
fcement of the piston. To carry this off, a pipe i, called 
|«rfi(c(ion pipe, is inserted into the bottom of tiie cylinder, 
I conveyed downwards into a reservoir, called the hot- 
1^ cistern. This pipe, as represented in the Ggare, mnst 
e to descend thirty feet below the cylinder ; for other- 
heing connected with a vacuum prodaced by the 
leniate motion of the piston, the atmospheric pressure 
Bi]d force the water to ascend from the cistern into the 
Bnder, instead uf the water descending from the cylinder 
10 the cistern. This difficulty is, however, easily removed 
r.placing a valve opening downwards, called the eduction 
Uie, at the outlet of the pipei in the bottom of the cylinder j 
e cistern, in this case, may he situated close to the 
^der. 

((i.) The cistern m is supplied vrilh cold water, by a pump 
^Ich branches irom the main pump, and is worked by the 
Tlie pipe n admits a stream of water upon the 
in order, by%iterposiDg a denser substance than the 
o render the piston more air-tight. The pipe A conducts 
which becomes lieated, ftom t\ie Vo'j lA 'Oq's. 
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cylinder into the hot cittern bctow. The idesofi 
the steam by iojectiiig water into the cylinder, 
have been suggested by accident. At first, I 
eDcloeed his cylinder within another cylioder, and 
the steam by tilling the space between tbem with 
by the pipe n. On the first trials of this engine, thoi 
were Burprified to see it, without its regular supply , 
denaiog water, " go several stnAes, and very quick ' 
when, after a search, they found a hole ia the pisi 
let the cold taaUr in to condense the steam 
the cylinder, whereas before they had always done 
outside." The external cylinder was, accordinglj^ 
doned, and water was henceforth injected frotn 
already described. So true is it, that " the irishi 
provement u unmade, oftener because the meani 
loolied, than because they are hidden from ua." 

22. Potter and Beightoa.—ll is evident from 
ceding description, that the effectual working' of Nei 
Engine depended upon the alternate opening and ch 
two Talves, viz. the regulating, and the condensing' vdi 
and that these manipulations depended on the imremitti 
attention and precision of the person who man3<^ 
machine. It was his duty to open the regTilating valve, 
to watch the ascent of the piston ; then to close that n 
and open the coadensing valve; and these alternate nH 
ments were to be repeated fourteen times every minute. 
infliction of this task induced a boy, called Humphrey PoW 
to contrive a tneans by which the engine should work iti (N 
valves, while he was at play. He attached strings Id M 
levers of the valves, and fastened these strings to the bM 
in such a manner, that as the beam ascended and desceniw 

it only were the valves opened and closed with regnllriS 
but the speed of the engine was actually doubled. ThiicM 
s afterwards improved, and a more permiirf 
mechanism added by Mr. Beighton. ft room of the catdil 
and strings hitherto employed, he attached to the 
beam a straight rod, called Aplug frame, which by 
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pins or pegs fixed into it, opened or closed the valves with 
certainty, as the beam ascended or descended. An important 
step was thus gained towards the completion of a self-regu- 
Uting machine : to supply the fire with fael, and the boiler 
with water, was all the attendance now required. The At- 
mospheric Steam En^ne, aeiroproTedby Beighton, in 1712, 
WtU very generally adopted in coal works and copper mines. 
23. Leupold's Hiffh-Presvire l-ever Engine. — A ftw 
years afterwards, an ingenious German, named Leupold, 
introduced the first esperiment of a high-presgure engine 
worked by a cylinder and piston, and adapted to his 
machinery a contrivance, first indicated by Papin, of aJbuT- 
leay cock. His plan 
may be illuBtrated 
by the adjoined fi- 
gure. Over a boiler B 
are placed two cylin- 
ders C C, each being 
provided with an air- 
light piston p, p; 
each of the piston- 
roda is attached to 
one end of a lever 
working on a pivot, 
the other end of the lever having a pump-rod fixed to it. A 
four-way cock S is fixed between the boiler and the cylinders, 
so aa alternately to admit steam into one cylinder, and per- 
mit its escape from the other. Steam of high temperature 
is introduced from the boiler into one of the cylinders, the 
piston is raised to the top of the cylinder, the pump-rod at 
the other end of the lever is pressed downwards, and the 
plunger or piston attached to it being solid, the water is 
raised to the required height in a force-pipe. The four-way 
cock is then turned round, and the steam escapes from this 
cylinder into the atmosphere, while steam from the boiler is 
admitted into the other cylinder ; the direction of the two 
channels from the boiler to the cylinders, is, in fact, exactly 
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rsTened, and tbus, by the Alternate action of the eteam in 
the tiro cylinders, a continued etream of water is raised. 

Zi. Hulli' Sleam-Boat.—In 1737, the first application 
of steam to navigation was su^ested by Jonathan Hulls, in 
a pamphlet entitled, " A desciiption and draugbt of a new- 
invented machine for carryings vessels or ships out of or 
into any harbour, port, or river, against wind or tide, or 
in a cahn." His plan of adapting a vertical to a rotatory 
motion, ia shown in the adjoined figure. The machinery 
was fixed in a tow- 
boat. It consists of 
three wheels, a b c, 
fixed on one axis, and 
two wheels, d e, with 
ratchets" loose on an- <, 
other axis, so that this' 

the forward direction. 

To the latter axis are 

attached tbe fans or 

paddles which serve to 

propel the vessel. The 

wheels are furnished with ropes, /y A; the rope on the 

wheel b is attached to tbe piston F of the engine. As 

the piston descends, the wheels ab c move forward, aod 

canse tbe wheels d e to move ; bnt owing to the different 

situation of tbe ropes p A, tbe wheel e moves forward, while 

the wheel d moves backward. Tbe latter wheel, in moving 



• The object of ratehets \s to prevent motion in one din 
while they permit it in another. The adjoined figure ^^ 

represents a ratchet or detent wheel. It will be ob- i^§ 
served (hat the teeth are cut with their faces inclin- \{{f< 
ing in one direction, and a small lever or catch is EO VJO^ 
placed, as to enter the indentations and stop the ^^ 
wheel if it tnms backward, but glides over the teeth „. 
»ithoutobstructingthem,ifitmove8forward. Ratchet '^" 

wheels are generally employed to prevent a weight raised bj 
chine from descending, and lo obviate other rclrogradi 
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tkward, raises a weiglit G, wliith is attached to it, by the 
>pe/, acting over a pulley. During the ascent of the piston, 
IQ weight G pulls the wheel d forwards ; hence the axis A, 
taring the paddles, is constantly moving round in the same 
irection and by an equable force. " This is certainly," oa 
'redgol<i observes, "a beaatiful contrivance for rendering 
3 irregular a first mover equable; and considering the ob- 
■ct it was intended for, it is not a complex arrangement ; 
•r besides equalizing the power, it givegaaieansof increai- 
tg or diminishing the velocity in the ratios of the diameters 
rthe wheels," 

25. Payne and Howard. — A new method of generating 
«am was attempted by John Payne. His apparatus con- 
Bted of two vessels ; one of these, shaped like a baDoon, 
3d called the expanding vessel, was kept at a dark-red beat 
^ the fine of a fiimace ; the other was inserted within it, 
kd resembled a kind of drum, having a series of pipes radi- 
ing from its circumference. The latter vessel, called the 
\3tper3er, was made to revolve on a pivot, somewhat in the 
3,y represented a( page 19, and was supplied with water 
>- avertical pipe, which passed through the exterior vessel. 
■^hen water was introduced by the vertical pipe into the 
sperser, it was thrown by the revolutions of this vessel on 
^t portion of the exterior vessel which was exposed to the 
t.st of the furnace, and a rapid production of steam was 
«jg occasioned. Payne says, that in the course of an hoar 
I evaporated, by this method, forty gallons of water, which 
2)plied a twenty-four inch cylinder ; and in expeiimeDti 
^de atWednesburyand Newcastle-upon-Tyne, he rarefied 
xaety gallons of water in an hour, by means of 1 12 pounds 

jit-coal, being, he observes, about one-third only of the 
^1 required for the same purpose in common boilers. The 
*5.nciple of producing steam from the least possible quantity 

-water on a small surface, has been recently adopted with 
Lc;cess by Mr. Howard, whose apparatus will be noticed 
^X«aPter. In his engine, other liquids, as alcohol, may be 
Awtituted for water. 
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26. Smeaton, — The Atmospheric Engine, having reodTed 
slight improyements in its structure from yarious contribu- 
tors, was brought to its most finished state in the hands of 
Smeaton, in 1772. This industrious engineer first designed 
a portable atmospheric engine ; the fijre-place was of a sphe- 
rical form, and enclosed within the boiler ; and in the room 
of the lever beam, a wheel of 6*2 feet in diameter, furnished 
with a chain, communicated the motion from the piston to 
the pump-rod. His attention was also directed to the econo- 
mizing of fuel, the expenditure of which he appears to have 
reduced to about one-third. His next endeavour was to 
determine the load upon the piston ; he appears to have 
fixed the amount at nearly eight pounds on the square inch 
of the piston, though he observes that any load may be 
employed, if the several parts of the engine be proportion- 
ably constructed. ''The labours of Smeaton,** observes 
Tredgold, '' show the imperfect state of mechanical science, 
as applied to practice, in a remarkable degree. Yet if it 
were his labours on the steam engine alone on which his 
fame rested, there would be sufficient to command our 
esteem and respect; its further improvements, its close 
cylinder, its double action, undoubtedly owed much of their 
perfection to the use of the modes of construction applied by 
Smeaton to the air-pump." 



RECAPITULATION. 

13. What is the general object of machinery in the con- 
struction of engines ? Give an illustration of a change of 
motion produced by machinery. — 14. Explain the con- 
struction, and principle, of Hero's machine. — 15. Explain 
the machine of Branoa.-»16. What new principle was intro- 
duced by the Marquis of Worcester? — 18. Explain the 
contrivance of Papin for the production of a moving power. 
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What was tbe principal defect in his early experiments ? — 
19. What new principle was introduced hy Savery? By 
what two powers was his engine made available to the 
purpose of raising water ? In what respect was his engine 
defective ? — 20. What principle was adopted in the engine of 
Papin ? — 21 . Explain the important change introduced in the 
Atmospheric Engine of Newcomen. Explain, generally, 
the use of a cylinder and piston in steam apparatus. What 
is meant by gauge cocks, and how are they employed ? 
What is meant by blowing the engine? By what cir- 
cumstance was Newcomen led to adopt the principle of 
injecting water within the cylinder? — ^22. What improve- 
ment was introduced by Potter? and by Beighton? — 
23. What was the principal feature in Leupold*s Engine ? 
Explain the action of the four -way cock, — 24. Explain the 
mechanism and action of Hulls* Steam-boat. 



36 SINGLE ACTIirO EKGIKE OF WATT. 



CHAPTER III. 



SINGLE ACTING ENGINE OF WATT. 

27. Era of Watt. — The Atmospheric Engine, when 
brought to its most improved state by Smeaton, was still a 
more expensive power than that of horses, a considerable 
quantity of fuel and steam being consumed by it for useless 
purposes. To remedy these defects, and to introduce a new 
era in the history of the Steam Engine and Machinery, were 
reserved for the industry and talent of Jambs Watt. This 
extraordinary man was bom at Greenock, in 1736. His 
attention was first directed to the subject of steam power in 
the year 1759. About two years afterwards, he constructed 
a model of a steam engine by adapting to the upper part of a 
Papin*s digester (page 10), a syringe containing a solid 
piston ; steam was admitted into the syringe by means of a 
stopcock, and the piston was raised ; the stopcock was then 
closed, the steam permitted to escape by another cock 
inserted into the bottom of the syringe, and the piston 
descended. The practicability of a high-pressure engine 
was here proved; the principle was, however, abandoned, 
owing to the danger of bursting the boiler, the difficulty of 
making the joints tight, and the loss of a great part of 
the power of the steam from the non-production of a 
vacuum. In 1763, Watt had occasion to repair a model of 
Newcomen*8 engine belonging to the University of Glasgow ; 
he observed the great waste of steam employed for the mere 
purpose of raising the temperature of the cylinder to a requi- 
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B^ height i he vns surprised at the great quantit; of 
B^ectioQ water which was necessar}', cot only to condense 
l^e steam, but to reduce the temperature of the whole 
Bylinder; he found that this quantity of water, hecoming 
■aated by contact with the hot cylinder, produced a steam 
BBthin the cylinder. which, to a certain extent, resisted the 
HpesBure of the atmosphere upon the piston. These circu 
Bpances led Watt to apply the powers of his micd to 
■instruction of an engine upon a plan which had not hitherto 
Kkq suggested. 
B 28. Separate Condensation. — Watt perceiTed that, in order 
N^ make the best use of ateam, the cylinder should be ma 
^^ued always at the same temperature a* the steam which 
fcitered it ; and tliat the condensed steam and injection yii 
^^ould be cooled down to 100°, or lower, if passible. In fol- 
^tiring out these views, it occurred to him, in 1TG5, that if a 
BanmunicafiiM were opened belweea a cylinder containing 
Beam, and another vessel which taai exhausted of air i 
KiJter fiuids, the steam, as an elastic fluid, would irm 
^'^tety rush into the empty vessel, and eontinue to do 
^^lil it had established an equilibriam. This was 
^tjlieat idea of condensation in a vessel separate from the 
S^linder. In 1769, Watt obtained a patent for his " Methoils 
C~ lessening the Consumption of Steam, and consequently 
t" Fuel, in Fire Engines;" of which the following is the 
p»«cificat!on : — 

" First; That vessel in which the powers of steam are to 
^» employed to work the engine, which is called the cylinder 
:»- common fire engines, and wliich I call the steam-vcBsel, 
> »i3t, during the whole time the engine is at work, be kept 
^s hot as the steam that enters it ; first by enclosing it in a 
:a.3e of wood, or any other materials that transmit heat 
l«:>wly; secondly, by surroimding it with steam, or other 
*^aled bodies; and thirdly, by suffering neither water, nor 
'rty other substance colder than the steam, to enter or touch 
-t during that time, 
k " Secondly ; In engines that are to be WQiVfii "wVoft^ at I 
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to the lower end of the piston-rod. The exhaust 
is then closed, and the steam cocks opened ; stea 
admitted into the cylinder, the weight carries don 
ton, and the operation is repeated. The work: 
model having succeeded, the cylinder was place 
and furnished with a lever beam, as was usual in 
engines. 

30. Single Acting Steam Engine. — In the year 
patent was obtained by Watt, for an engine which 
called his Single Acting Steam Engine, It was. 
employed for raising water and draining mines, b} 
of pumps ; the motion required was, therefore, me 
upward force for raising the piston of a pump. This i 
in 1788, had attained the form presented in the o| 
engraving. The apparatus here exhibited is ^iclosed wi 
building, the front of which is removed in order to aho 
works ; a vertical section is made of the several vessels 
posing the engine, that the construction and operal 
each may be understood. On the left of the figure, 
the outside of the building, is the boiler, enclosed in 
of brickwork ; on the right of the figure, and also oi 
the building, are the pumps by which the water is ri 
S is a steam pipe, by which steam is supplied from 
boiler to the cylinder C. The cylinder is closed at the 
by a lid, through which the piston-rod moves up and d< 
in a steam-tight collar, called a stuffing-box^ B ; the u] 
part of the piston-rod is attached to the arched extremit 
of a lever beam, which moves on a pivot, as in the atm^ 
spheric engine. The mechanism, by which the cylinder 
alternately supplied with, and exhausted of, steam, consist 
in a tube and three valves, connected with the right side 
the cylinder ; of these, G is called the upper steam valve^ 
and is contained in the upper steam box A ; H is the lower 
steam valve^ and is contained in the lower steam box A* ; 
I is the exhaustion valve, through which the steam passes 
to the condenser below ; these three valves are opened and 
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closed by means of handles, marked respectively G\ H', I'. 
From the cylinder, the tube T* opens into the condenser D, 
which communicates by a yalye M with the air^pumpf N ; 
the condenser and the air-pump are placed in a cistern of 
cold water, called the cold well^ W ; a jet of cold water is 
allowed to play into the condenser by means of a yalye £. 
The piston of the air-pump is furnished with yalyes which 
open upward, to admit of the passage of air and water to the 
upper part of the pump, where they escape into the cistern 
by the yalve E, which prevents their return ; the piston of 
the air-pump is worked by a rod Q, connected with the 
lever beam. 

81. Operation of the Single Action Steam Engine.--^The 
above description of this engine will enable us readily to 
understand its mode of operation. 

(1.^ The first process consists in what is called blowing 
through ; that is, clearing the cylinder, condenser, and pipes, 
from atmospheric air, and filling them with pure steam, 
preparatory to working the engine. For this purpose, let 
the three valves G, H, and I, be opened, and steam admitted 
from the boiler through the pipe S ; the steam will presently 
displace all the air contained in the cylinder, the tubes, and 
the condenser ; the pressure exerted by the steam and heated 
air in the condenser will open the valve M, the valves in 
the piston of the air-pump will be opened upward, the steam 
and air will escape through the valve K into the cold cistern, 
and the several vessels will be filled with pure steam. The 
engine is now in a fit state for effective operation. 

(2.) The piston F being at the top of the cylinder, and the 
injection valve E being opened, a jet of water plays into the 
condenser, forming a vacuum, into which the steam from the 
cylinder instantly rushes through the tube T' and is condensed, 
leaving a vacuum in the cylinder below the piston. The 
valves H and I being now closed, and steam admitted by 
the valve G to the upper surface of the piston, this is im- 
mediately pressed down with a force corresponding to the 
pressure of the steam and the perfection of the vacuum in 
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the cylinder. This portion of the first stroke * of the engine, 
elevates the pump-rod R on the other side of the building, 
and raises the water to the height required. 

(3.) The upward motion of the piston is effected as follows. 
The upper steam valve G being closed, and the lower valve 
H opened, the steam is admitted below as well as above the 
piston, which, so far as the steam is concerned, is in a state 
of equilibrium, there being no force to resist its motion up- 
ward or downward, except its friction against the surface of 
the cylinder. In this passive state of the piston, the weight 
of the water on the piston of the pump, together with the 
weights attached to the piston-rod of the pump, draw down 
the corresponding side of the lever beam, and thus raise the 
piston in the cylinder on the other side. 

(4.) To effect the second stroke of the piston, the valve H 
must be closed, the valves G and I opened, and the con- 
densing valve y opened, in order to admit a jet of water into 
the condenser. The steam in the cylinder below the piston 
will immediately rush through the valve I into the vacuous 
condenser, and be converted into water, leaving a vacuum 
in the cylinder, into which the steam, admitted by the valve 
G, will immediately force down the piston ; and thus by the 
alternate opening and closing of the valves, the engine per- 
forms its work. 

(5.) It is well known that water contains a considerable 
quantity of air, which, being uncondensible, remains in the 
gaseous state after the steam has been condensed; unless 
this air were removed from the condenser, it would collect 
and impede the motion of the piston. The mode by which 
this air, together with the injected water, and the water 
produced by condensation of the steam, are removed firom 
the condenser, is as follows. The piston of the air-pump 



* By a stroke of the piston is meant a double motion, viz., from 
the top of the cylinder to the bottom, and upward again. Its motion 
in one only of these directions, is called the Length of the stroke. 
Hence, if the length of the stroke be five feet, the stroke itself is ten 
feet. 
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is nDBod W the krer-beam to the top of Its barrel, at tho 
SMxae time tint the steam piston is raised to the top of the 
crfinder ; bence, a Tacuom is produced in the barrel of the 
air-ppimip, and the water and air pass into It IVorn tlie con* 
denser thix>ugh the Talye M. As the piston of the air-pump 
descends, it presses first upon the air, wiilch o|>ens the 
piston valTes npirards and passes through to the up|)er part 
of the piston, then upon the water, which also passes through 
the Talves ; these Tidyes are then closed by the weight of tiM 
air and water, and the piston, in its next ascent, carries them 
both upwards, where they are discharged through tlie valve 
K into the cistern B. 

32. .Application of Wattes Principle, '^Tli^ application 
of the principle of separate condensation, as introduced by 
Watt, depended ^r«^, on keeping the cylinder as hot as the 
steam ; and secondly , on keeping the condensing water as 
cool as will suffice to render the vacuum |M»rfect. 1 , It is 
evident that by the cooling of the cylinder from ex|M>sure to 
the atmosphere, the steam witlun it would be liable to a 
diminution of force. To prevent this loss of lieat. Wail 
first proposed to surround the cylinder witli a casing of 
wood, this substance being a slow conductor of heat* lie 
afterwards enclosed the cylinder within another cylinder, 
called Sk jacket, and kept the space Iwtween the two cylinders 
constantly filled with steam. 2. It is evident that the con* 
densing water, injected into the condenser, must be sufil* 
ciently cold, not only to condense all the steam which issues 
from the cylinder, but to reduce its own temperature, when 
mixed with the condensed steam, below the point at which 
it would produce vapour of sufficient pressure to im|>ede the 
action of the piston in the cylinder. From experiments 
made by Watt on the pressure of steam at different tempera- 
tures, he found, that for the effective operation of tlie piston, 
the temperature of the water in the condenser must be re* 
duced to 100°. 

33. Quantity of injection Water, ^^The quantity of water 
required to condense a given quantity of steam, so as to pro- 
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duce a couBtant sad effective v: 

be readily calculated. The latent lieat of si 

puted at 1000° ([)B§a^J^ and its teiisible heat bcbg 

or tliat of boiling water, the total amount of the \ 

steam is 1^12°; and this amount is to be redaced' 

injection water to 100". Supposing the injectioD 

at the onlinarj temperature of GO", it is secessar; fdcl 

be raised to 100". Hence it follows, that the sleam m 

deprived of 1112°, and the 

If the former of these numbers be divided by the l»lll 

result will be 'ITB, or, in a round number, 28. If. tlw 

the entire contents of the boiler be supposed to be ecK 

into steam, the amount of injection water must be 2( 

greater than that of the water in the boiler. To iM 

demand, it is necessary that the cUlem, in which tb 

denBur is placed, should be supplied with asufBcientf 

of water at the ordinary temperature of 60°. This is t 

by means of a pump, called the cold pumpt L, yA 

worked by the lever-beam of the engine, as represented 
engraving; as the water is pumped in, it sinks to thel 
of the cistern from its greater weight, while the p 
heated by contact with the condenser rise to the top ■ 
carried off by a waste pipe ; the contents of the c 
thus maintained at a. uniform temperature. The [ 
forms a communication between the hot cistern S 
boiler, and is intended to supply the latter with wall 
will be more particularly noticed hereafter. 

34. MeckaaUm of tlie Valvei. — The several kinds i/ 
employed in steam engines, will be described in a subM 
chapter. The valves used in the Single Acting i 
Watt, are those termed spindle, or button valves, andri 
timet puppet clacks t they are seen in the engravingatf 
and I. Each of them is provided with a lever, which 
on a pivot attached to the frame-work of the enginei 
levers are furnished with arms or handles, G', ~~ 
The valves are opened and shut by means of a rod M 
called the plug-trte, aUachei W v\ie vod oC the a' 
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the piston. But, as the planet- wheel does aat revolvej 
its axh, it follows that for each revolution made by jT 
wheel, the sun-icheet, and conscquentlj the fly-wheel, \ 
hare performed ttuo revolutions. The reader, who tsan 
unacquainted with the laws of meehanica, may verify S 
statement by a simple experiment. Let liim place 
on the table, the ono above the other on the same plane, 
having their images in the erect position ; let hini pre 
one of the coins from revolving on its axis, by placingi 
finger on it, and gently rotate the other coin around the f 
cumference of the fixed one; he will find that the im 
upon the revolving coin will present the ereet position ti 
in completing oae revolution around the fixed c 
fixed coin represents the planet-wheel, and the revolving 
coin the sun- wheel. This contrivance was applied to many 
engines, and it possesses the advantage of communicating t 
double Telocity to the fly-wheel; but the teeth of the wheels 
are soon injured by wear, and the machmery is liable to be 
broken by heavy strains. This method of producing the 
rotative motion, was soon superseded by that of the crank, 
which will presently be described. 

37. Principle of the Double Actinrj Engine. — In con- 
sidering the applicability of the steam engine to manufitc- 
torea generally, it occurred to Watt, that if he could contrive 
ta admit steam alternately above and below the piston, and 
at the same time produce a vacuum alternately below and 
above tkepiston, an impulse might be communicated by the 
ascent, as well aa by the descent, of the piston, and a uid- 
fonn contimiou* action be thus produced. It was desirable, 
also, to convert this reciprocating action into a circular oi 
by a more efiective means than that of the sun and planet 
wheels. On this sutuect Watt observes; — " Having n 
mj single reciprocating engines very regular in their mi 
raenti, I considered how to produce rotative motions from 
them in the best manner; and amongst various schemes 
which were subjected to trial, or which passed through mj 
mind, none appeared so likely to answer the purpose, a 
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L application of the crank, in the manner of the ot 

C'tog lathe; but as tbe rotatke motion is produced ia that 

k machine by impulse g'tven to the crank ia tlie descent of the 

[ foot only, it requires to be continued in its ascent by the 

Y energy of the wheel, which acts as ^flif. Being unwilling 

I to load my engine with a fly-nheel heavy enoagh to continQe 

I the motion during the ascent of the piston (or with a 

I fly-wheel heavy enongh to equalise the motion, even if s 

eonnter- weight were employed to act during the ascent), 

I proposed to employ two engines, acting upon two cranks 

flied on the same axis, at an angle of 120° to one another, 

■nd a weight placed upon the eircmnfereoce of the fly-wheel 

at the same ang-le to each of the cranks, by which means the 

motion mig'ht be rendered nearly equal, and only a very 

Ught fly-wheel would be requisite." In following out this 

plan. Home very important changes were introduced into the 

machinery of the ateam engine: the principal of these are 

the double acting cylinder, the parallel motion, the crank, 

t^ fly-wheel, and tbe governor. Each of these will first be 

severally described i and their operation in the double acting 

en^ne be afterwards pointed out. 

as. Double Acting Cylinder. — The first alteration to be 
noticed in tbe double acting engine is that of the cylinder. 
To ensure its double action, it is necessary to provide, at 
each end of tbe cylinder, a means of admission of steam 
from the boiler, and of escape for the 
Bteam to the condenser. For this pur- 
pose, a Bteam box is fixed to each end 
of the cylinder, communicating in tbe 
one case with tbe upper, in tbe other 
with the lower, surface of tbe pislon. 
In fig. 15, B is the upper, and B' the 
lower, steam box. Each of these boxes 
IB furnished with two valves. 1. In the 
upper steam box, the upper, or steam 
valve, S, admits steam from the boiler 
through a tube, the mouth of which is 
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HeeD immediately above the Talve; the lower, or exhaai 
value, C, permits the escape of Uie steam from the cylind 
the condenser, through a tube opening immedialeljbelm 
vaJve. In this fig:ure, the piston ia at the top of the cylii 
the exhausting valve ia therefore represented as closed, 
the steam valve as open, for the admission of steam, n 
rushes through the passage D to the top of the cylinde 
order to force the piston to the bottom. 2. In the I 
steam box, a corresponding mechanism is observed, ax 
valves must be worked at the same moment as those a 
upper box, but upon an exactly opposite principle, 
cylinder is lull of steam, and the piston at the top; 
tteam valve 8' must therefore be closed, and the ezhau 
valve C opened, in order that the steam may rush O' 
the passage D', and a vacuum be formed beneath 
piston, to give effect to the steam which is now enti 

In figure 16, the piston is at the bottom of the cylL 
1 , In the upper steam box, tbe steam valve S is accord 
closed, and the exhausting valve C opened, ti 
escape of the steam from above the 
cylinder through the passage D into 
the condenser, and thus to produce a 
vacuum a/>oiie the piston. 2. In the/nwfr 
steara box, the exhausting valve C ia 
closed, and the steam valve S' opened, 
in order that steam may rush in by 
the passage D', and force tbe piston to 
the top of the cylinder. From the 
preceding description, it is evident, that 
the alternate motions of the piston de- 
pend on the opening and closing of the 
valves, alternately, in pairs. When tbe piston is at tbe 
the ejlinder, the upper steam valve and the lower exhai 
valve are to be opened, while the lower steam valve ai 
upper eshausting valve are to be closed. When the ] 
_^the bottom of the cyliader, this process is reverse 
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SO. Connexion of the Piston- Rod and the Beam. — In the 
timgle actinff engine, tho pressure of the steam acts on the 
putoD ooly during ita descent, ita ascent being effected by a 
conntor-'weight attached to the further eitreraity of the 
I beam; it is aufflcient for this purpose, that the piston-rod 
be connected ■with the beam by a flexible chain. But, in 
' tbe double acting engine, the pressure of the steam acts on 
boUi sides of the piston, irhich must therefore be pushed 
upward as well i5 pulled downward i the connexion between 
the piston-rod and the beam by any flexible medium is, 
therefore, obviously inadmissible: a chain cannot commu- 
nicate an upward impulse from the piston to the beam. To 
ObTiate this difficulty. Watt first proposed to attach to the 
pistoD an inflexible metallic bar, to the upper end of which 
was fixed a straight toothed rack, which should 
wiffk in gear with corresponding teeth on the 
arched head of the beam, as shown in the ad- 
joined figure. But this kind of jarring action 
was found to be incompatible with the smooth 
action of a piston-rod working air-tight and 
steam-tight through the stuffing-box of the 
cylinder. Watt suggested other contrivances 
for producing a smooth and equable motion; 
he adapted straps or chains to the beam and 
to the piaton-rod, so as to secure the required 
movements; but these and other plans were presently su- 
perseded by the admirable mechanism which will be next 
deecribed. 

40. Parallel Motion.— The difficulty was, to adjust the 
rectilinear motion of the piston-rod to the circular motion 
of the beam; without such adjustment, it is evident diat 
either the piston-rod, being forced to the right and left 
alternately, at each motion of ascent and of descent, wonld 
be broken or bent; or that the stuffing-box would be so 
ii^'ured by these derangements of action, as to cease to be 
air and steam-tight. The contrivance by which these 
culties were removed by Watt, is one of the most 
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inventions ever introduced into machinery. It has been 
termed the parallel motion; its mechanism may be under- 
stood by means of the subjoined figure. B represents the 
end of the beam, which is pulled downward, and pushed 
upward^ by the motion of the piston-rod R F; the motion 
of B is in the direction of the dotted curve; that of B. P is 
rectilinear. To adjust these counteracting motions, a series 
of bars are introduced, which are moveable on pivots, and 
which by the balance of their action prevent the piston from 
deviating to any injurious extent from the straight line. 




Fig. 18, 



Fig. 19. 



Two fixed points of support are taken, the one at F, as near 
as possible to the line in which the piston-rod moves; the 
other at C, the centre of the working beam. Two perpen- 
dicular bars, B R and E H, are attached to the beam at B 
and E; and two transverse bars, R H and F H, are added, 
the former connecting the lower extremities of the two ver- 
tical bars, the latter connecting the lower extremity of the 
vertical bar E H with the fixed point F; all the bars move 
freely on pivots at all their points of attachment. The head 
of the piston-rod is connected with the pivot at R. The 
diagram, ^, 19, relates to paragraph 41. 
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The action of this machinery is as follows. I . Let us lina- 
ge the end of the beam B to descend m the direction of the 
dotted enire. During its progress to the horizontal posi" 
tion, indicated by the dotted line A C, it is continually 
pushing the perpendicular bar B R outward; and this effect, 
if not counteracted, would disturb the rectilinear course of 
the piston-rod. But this outward push of the bar B R is 
counteracted by an inward putt by the rod R H upon the 
point R; the end H of the rod R H is preserved at a proper 
distance from the line of motion of the piston-rod, by means 
of the rod called the radius rod, H F, which is attached to 
the fixed point F ; and the rod H F, being thus fixed, 
describes, with its extremity H, the curve d g, which is 
directed inwardly, and counteracts the outward direction of 
the curve described by B. Hence it follows, that the top of 
the piston-rod R moves in a direction almost vertical. It is 
correct to say almost, for it is not strictly so; the devia- 
tion, however, from the vertical motion involves a minute 
calculation, and it is of comparatively little importance in 
practical operation. 2. As the beam quits the horizontal 
position in completing its descent, it is continually pushing 
the bar B R inward; but this inward push of the bar B R 
is now counteracted by the outward pull of the bar H F, 
which now completes the curve g o, and, by means of the 
transverse connecting bar H R, maintains the piston-rod in 
its nearly vertical direction. 9. It is obvious, that during 
the ascent of the beam, the same movements of the bars will 
secure the vertical ascent of the piston-rod. This beautiful 
contrivance represents, in fact, a kind of jointed parallelo- 
gram, three of the angles of which describe curves, while the 
fourth, which is connected with the piston-rod, moves nearly 
in a straight line. 

41. Motion of the Air 'Pump Rod, — The same machinery 
which regulates the motions of the piston-rod of the cylinder, 
also regulates those of the pump-rod. In the preceding 
figure 18, the upper part of the air -pump rod is represented 
at A K; it is connected at the top to the middle of the bar 
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E H, where it works freely on a pivot A. This machinery 
may be readily understood by means of figure 19^ in which 
the bars composing it are separated from the beam, the 
letters being preserved precisely as in figure 18. C E and 
F H are two bars, working on pivots at the fixed points C 
and F, and describing curves at their free extremities. The 
bar E H connects these free extremities, upon which it moves 
by pivots. From the antagonising action of the two trans- 
verse bars, it follows, that the point A, the head of the air- 
pump rod, will move in a nearly vertical direction. 

42. Nature of the Cranh,'-^It has been shown that the 
alternate motions of the piston-rod, determined by the double 
acting oflinder^ are communicated to the working end of the 
beam, to the curved motion of which they are adjusted by 
the contrivance of the parallel motion. The next object was 
to convert the rectilinear motion, thus produced, into a 
rotatory motion. . So long as the force of steam was em- 
ployed for the mere purpose of raising water, no such motion 
was wanted; but when its application was required for the 
purposes of turning the wheels of mills — of giving eflPect to 
the machinery of cotton manufactures and printing presses— 
of propelling steam vessels and other locomotive engines-— it 
became necessary to impart a new direction to its operation. 
The action of the sun and planet wheels, in producing a 
circular motion, has been already explained; this machinery 
was employed, under peculiar circumstances, for a time by 
Watt, but was abandoned by him, so soon as he was enabled 
to introduce into his engines the more successful action of 
the crank. The simplest idea of a crank is that of the 
handle to a wheel i its action is familiarly illustrated in the 
process of drawing water from a well: the bent handle at- 
tached to the wheel is first pushed out, then pulled in the 
^ epposite direction, and thus a continued rotatory motion is 
produced upon an axle. The application of this principle 
to the steam engine, and the variations of pressure on the 
crank of a steam engine, may be conveniently illustrated 
by curves. This will be readily perceived in the following 



IBB]56VI.i.B ACTION OF THE CBJlNK. 



55 



figure, which represents the lower portion of the connect- 
ing-rod, which works at its upper extremity on a pivot 
connected with the working 
extremity of the heam, as 
may be seen more completely 
in the engraving at the end 
of this chapter. The lower 
extremity of the rod is con- 
nected by a moveable joint 
at I with the lever I K. The 
centre or axis, to which the 
rotatory motion is to be com- 
municated, b indicated by the 
letter K. Hence it would 
appear, that as the connect- 
ing-rod moves upward and 
downward, it would carry the 
lever I K round the centre K, 
80 as to occupy successively 
the positions denoted in the 
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Fig. 20. 



figrure by the dotted shadows of the lever; and thus a con- 
tinued rotatory motion would be communicated to the axis. 
43. Irregular Action of the Crank, — On considering more 
dosely the action of the cranky it will be found to be by no 
means continuous in its motion. There are two positions 
which the crank assumes in its circuit, in which the moving 
power has positively no effect whatever in communicating a 
rotatory motion to it. 1. When the piston is at the bottom 
of the cylinder^ the crank will be in the position denoted m 
the preceding figure: the joint I will be in a perpendicular 
line between the upper end of the connecting-rod and the 
centre K. It is obvious, that as the piston ascends in the 
cylinder, the connecting-rod will tend to push the joint I, 
not to the right nor to the left of the dotted circle, but 
directly doumward upon the axis K. 2. When the piston is 
at the top of the cylinder, the crank will have performed 
half a revolution, and the joint I will be in a perpendicular 
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line below the centre K. As the piston descends, the con- 
necting-rod will tend to pnU the joint I, not to the right nor 
to the left of the dotted circle, but directly upward upon the 
axis K. It is eyident, that if in either of these positions, 
the action of the crank were for a moment to cease, it would 
be out of the power of the piston to put it again into motion. 
3. Another difficulty connected with the crank, is the tn- 
equaJity of its motion. In two positions, it has been shown 
to be actually stationary. There are also two positions^ in 
which its action is most energetic ; and it becomes feebler in 
proportion as the crank moves from these points towards the 
two stationary positions above described. Let the reader 
once more direct his attention to the process of drawing 
water from a well; let him imagine his own arm to be the 
connecting-rod, and the handle of the wheel the crank ; he 
will find that his force is most effective, when the angle 
described by his arm upon the crank is a right angle; and 
that his force will become less effective, as the angle of 
leverage becomes smaller or greater. The application of 
this simple illustration to the crank of the steam engine is 
obvious; and the result of it is a variable, instead of a 
uniform, unremitting action. In the following paragraph, 
a remedy for these inconveniences will be described. 

44. Nature of a Fly 'Wheel, — In impelling machinery 
by force, it is frequently necessary that the force should be 
regulated. This necessity may arise from several causes. 
There may be a want of uniformity in the first moving 
power, as in the Single Acting Engine, already described, 
in which the descent of the piston is effected by the pressure 
of steam, while its ascent is effected by a totally different 
means. Or, there may be a want of uniformity in the re- 
sistance which the force has to overcome, as in the crank 
described in the preceding paragraph. To regulate these 
inconveniences and equalise the motion, a large heavy wheel, 
called a fly-wheel, is connected with the machinery, so as 
to receive its motion from the impelling power, to keep up 
the motion by its own inertia, and distribute it equally in all 
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But besides the irregularity in the action of the crank, there 
are other causes which, in the absence of a fly-wheel, would 
disturb the uniform velocity of the engine : there are varia- 
Hans of resistance, and of power. The resistance which an 
engine has to overcome, particularly in manufactures, is 
continually liable to vary ; it may be very great one hour, 
and very small the next. When the resistance is diminished, 
or the moving power increased, the excess of force is ezr 
pended on the fly-wheel, to which a proportional momentum 
is communicated with little increase of velocity. When the 
resistance is increased, or the moving power diminished, 
the momentum accumulated in the fly-wheel continues the 
motion with little diminution of its own velocity. It is not, 
however, pretended that the equalisation of force produced 
by the fly-wheel, is perfect ; but it is sufficient for ordinary 
purposes ; and its efficiency will be proportioned to the 
mass of matter in the circumference of the wheel and to the 
square of the wheel's velocity. The next step in the pro- 
gress of improvement was to regulate the velocity of the 
fly-wheel. 

46. Use of the Governor, — It occurred to Watt that the 
velocity of the fly-wheel might be regulated by increasing 
or diminishing the supply of steam to the cylinder, as the 
occasion might require: if the wheel went too fast, the sup- 
ply should be limited ; if too slow, it should be increased. 
With this view, he adapted to the engine an ingenious piece 
of mechanism, which had been previously employed in regu- 
lating the machinery of mills, and which, from its charac- 
teristic eflect, is called the Governor, This contrivance 
consists in a kind of conical pendulum, connected on the 
one hand with the axis of the fly-wheel, and on the other 
with a throttle valve* in the steam pipe. In the fbUowing 



* The various kinds of valve employed in steam engines will 
require a separate notice. They will be arranged, illustrated, and 
fleverally described, in Chapter Vll. The name of the valve here 
used suggests its purpose : the steam tube is throttled by it. 
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amount of work in the same time, from the siraultaneous 
action of the pressure, and of the condensation of steam, at 
each ascent and descent of the piston ; its near appTOximn- 
tiou to uniforuiity of power ; its economy of heat, and con- 
sequently of fuei, by the diminution of cooling surface; and 
its reduced, hulk. In the following' engraving, tuken from 
the valuable work of Tredgold, a section of thia en^e is 
illnatrated ; a few additional remarks to those which have 
already been made on its separate details, will serve to ex- 
plain its general operation : 

(1.) At the right is seen the great horizontal eleam tuht 
S, which admits steam into the cylinder through the throftU 
valve, which appears near S in the form of a disc. The 
boiler ia omitted in this plate, but its conneTiion widi the 
tuba, and the means by which it is supplied with winn 
water, may be seen in the Single Acting Eng^e, p. 40. 

(2.) The double acting cylinder C, its two steam boxes 
and four valves, and the apparatus for working the valves, 
tre the next objects which claim attention. The piston is 
at the top of the cylinder. The upper steam valve a n, 
tlierefore, represented as open for the admission of sEeoin, 
the upper exhausting valve c as closed; the condition of tiu 
two lower valves is reversed. The operation of opening and 
closing these four valves is eflected by a aeries of levera, 
terminating in one handle or spanner, which is worked bj 
two pegs attached to the pump-rod R. Before the piston 
arrives at the bottom of the cylinder, the upper peg strikef 
the handle of the levers downward, and in a moment re- 
verses the condition of the fonr Talves. The steam from 
above the piston then rushes down through the perpendi- I 
cular tube S, issues at the lower steam valve d, wliich niD 
now be open, and forces up the piston ; but, before the- 
piston arrives at the top of the cylinder, the lower peg- 
itrikes the handle of the levers upwards, the condition rf 
the valves is again reversed, the steam below the cylinfa I 
rushes through the lower exhausting valve b inti 
denser B, and the stroke of the engine is repeated. 
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by mechanism similar to that of the parallel motion, already 
described. When the piston of the pump descends, the 
water is forced upward through the pipe G, and conveyed 
by appropriate channels to a distance and height propor- 
tional to the power of the engine. The barrel of the pump 
is filled through the pipe F by means of machinery adapted 
to this purpose below ; and, when the piston of the pump 
ascends, the yalve at the left of the barrel opens, and the 
water rushes through in the same direction as that from 
the pipe G. The supply for the descent of the piston will 
rush in at the bottom valve from F, and be raised through 
the pipe G, as before. The valves with which the piston of 
the air-pump is furnished are termed clacks. They will be 
noticed under the article Valve in Chapter YII. 
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35. Describe the advantages which the Single Acting 
Engine of Watt possessed over the Atmospheric Engine of 
Newcomen, with regard to the capability of increasing or 
diminishing the power ; to the economy of heat ; to the 
method of rendering the piston air-tight ; and to the mode 
of condensation. In what respect were both engines de- 
fective? — 36. Explain the construction of the sun and 
planet wheels^ and their operation in converting a recipro- 
cating into a circular motion. What is the advantage, and 
what are the disadvantages, of this mechanism? — 37. What 
is the principle of the Double Acting Engine of Watt ? — 
38. Explain the construction of the double acting cylinder, 
with reference to the steam boxes, and their valves. In 
what order are these valves worked during the performance 
of the engine ? — 39. In what does the connexion between 
the piston-rod and beam differ in the single, and in the 
double acting engine? What is the cause of this dif- 
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ference? By what mechanism did Watt first prapoae t< 
connect the piston-rod with the beam? What was the 
defect of this mode? — iO. Bj what contriyance did Watt 
itiially adjust the reciilmeaT motion of the piston-rod to 
the circular motion of the hcam? Explain geoerallj the 
mechanism of the parallel THotwit. — it. How is the air- 
pump worked in the double acting engine? — 12. What is a 
cranli.? Give a familiar illustration of the working of a 
orank. Explain the position of the crank in the steam 
e. Wliftt is its action? — 43. Point out the irregu- 
Uiities in the action of the crank; and the inequality of its 
n. — 44. What is the ohject of a fly-wheel generallyP 
From what sources does irregularity of force occur in the 
operation of machinery? How does a fly-wheel regulate 
the force of machinery? -^5, To what part of the steam 
en^e ia the fly-wheel attached? What are the particular 
ohjects of the fly-wheel in the steam engine? How does 
fly-wheel compensate for the variations of resistance, 
*nd of power, to which an engine is liable? How far is a 
iy- wheel effective in equalising the force of the engine? 
— 16. By what contrivance is the velocity of the fly-wheel 
Tegulated? Explain, generally, the conatructton of the 
loiieniorf Describe its peculiar action. — *7, What are 
he most important features in the double acting eng^ef 
!)escribe the several parts of the engine as illustrated in the 
plate, according to the order of description in this para- 
graph. 
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48. nUamery of the Expansive Force of Steam.— Jib 
heea incidentally remarked (p. 61), that the Telodty of A 
piston U iiDequa.1 atdtSerent parts of its stroke. ThieinH 
appear to be the natural result of a heavy body descendingtMi 
a TBGuum. When the piston is at the top of the 
cylinder, and steam ia admitted above it, the pistOD begin 
deteend, its own inertia and its friction agaiost the eyUndl 
being the only impedimeats to its descent. As the 
amtinues to descend, its own inertia tavours its motiaB 
the steam havin^f, thus, less resistaDi:e to overcome, 
the piston down with increased velocity. As the p 
completes itf descent, its velocity will obviously be still 
increased. It occiured to Watt that this mrplus force n^jU 
be economised, and a moving power obtained in addition' 
that produced by the stroke of the piston. In 1769, 
•Undes to "a method of still doubling the effect of ' 
steam, and that tolerably easy, by using the power of gte 
rushing into a Tacuum, at present lost. This would do lil 
more than doublo the effect, but it would too much enlai 
the vessels to use it all i it is particularly applicable to vh 
eng^es, and may supply the want of a condenser, where 1 
force of steam only is used ; for open one of the steam 
and admit steam until one-fouTth of the distance belweati 
k and Ihe.next valve is filled toith steam, then shut the 
^Kand the iteam will continue to expand, and to prcM 
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the vhcel, with a diminishing power, ending in OTie-fourih of 
its Jirat exertion. The sum of the series you will flad ^eater 
one-half, though onl; one-fourth of steam was used. 
The power will indeed be unequal, but this can be rtraedied 
by a fly, or by seTeral other means." Upon this printiple, 
motions of the piston are effected, partly by its own 
Inertia, and partly by the expansive force of a certain quantity 
of steam insulated in the cylinder. 

49. Watt's application of the Erpattsion of Steam. — The 
application of the expansive force of steam, as a. moving 
poirer, will be readily understood by being illustrated in a 
par^cular case. If a piston, loaded with a weig-ht of one 
ton, can be raised to a height of four feet, in a cylinder 
filled with steam at the ordinary pressure of one atmosphere, 
it follows that the same piston, loaded with a weight of four 
tons, can be raised to a height of one foot, in a cylinder oi 
fourth full of steam of four times the ordinary pressure! 
The following figure represents a cylinder and piston ii 
ooudition : the piston is raised one foot by steam of the i 




Fig 22 



presBure of four atmospheres. Let the supply of steam be 
now cut off. The piston will continue to rise in the cylinder, 
by the erpaniive force of the steam beneath it, though with 
B gradually diminishing force. When the piston has been 
raised a second foot, or has reached the point indicated 
by the figure 2, on the left of the cylinder, the volume of 
the steam has been doubled, and its pressure u reduced to ■ 



OP THE EXFA7ISI0M OP STKAS. 
that of two atmospheres, as indicated bj the figures od 
right of the cylinder. When the piston has been nised 
third foot, the volume of the steam has been trebled, and 
prea^ore is further reduced to that of oDe atmosphere an 
third. When the piston has heen raided the fourth foot, 
volume of the steam has been quadrupled, and its pren 
is that of one atmosphere, or of what is commonly ca] 
low-pressure steam. Throughout tliis process, therefi 
the piston has been raised three feet hj meaiu of- • fi 
gradually diminbhing from a pressure of four to that tt^ 
Atmosphere, without any additional expenditure of i 
but simply by the expansioo of a certain quantity of 
which had already produced its usual effect, 
to the economy of employing tlic force of steaa 
Watt states, that when the steam is cut off al 
the descent of llie piston, — "when only one-fourth of' 
Bt«am necessary to fill the cylinder is employed, tfac ef 
produced is more than one-half of the effect which W*> 
have been produced in filling the nhole cylind^- ftiS 
steam, hy admitting it to enter freely above the piston d 
ing the whole course of its descent." Watt stated, Hut' 
advantage of this method of working a steam engine iDcrirt 
in proportion as the supply of steam is sooner cut off, I 
that the increase is not great after the steam has ~ 
fied four times; that the engine becomes more m 
and is more easily adapted to every variation in its task, tt 
- all its powers are more easily computed. Thus: — 
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The expansive principle was adopted in 1778, at the Soho 
MuD&L-toiy, Birmmgham ; soon afterwards at the Shadwell 
"Water-works, and at several other places. The application 
of the principle was, however, limited in Watt's engines, 
awln^ to hia employing steam of low pressure, and cutting 
ft off after the ptaton had performed from half to two-thirds 
of its stroke; the effect of this woii little more than to admit 
of the piston exhausting' its Telocity by the time it had 
reached the bottom of the cylinder. The operation of the 
expansiTe principle in tlie Cornish Engines is much more 
eflbctJTe ; in these, steam of the pressure of four atmospheres 
is employed, and its supply cut off at one-fourth of the 
■troke of the piston, as in the preceding figure. 

SO. Homhlower's application of the Expansive Prin" 
eiple. — In 1781, Jonathan Hornhlower ohtained a patent for 
mode of applying the expansive force of steam. This 
plan, had it been carried into effect, would have combined 
two advantages over that ofWatt: first, it would have pro- 
duced H more equable method of employing steam; and, 
secondly, it would have rendered steam of high pressure 
available in small cylinders at less risk. Watt had dia- 
eorered, that when steam is conRned above the piston in a 
cylinder, and a vacuum exists below it, the expansive force 
o£ the steam will continue the motion of the piston, till an 
eqiulihrium is produced between the moving power and the. 
arising from friction, &c.; and that, hy thismeanB,_ 
ohtained beyond that of the ordinary pressure oP 
. Hornhlower proposed to use two cylindera ofi 
unequal sizes, attached to the same beam, and so connected 
together by pipes, that, after the steam had performed its 
Ofdinaiy effect in the one cyhnder, it might erpajid into the 
other with a diminishing foree, and thus act at the sai 
upon two pistons. This contrivance is represented 
the following figure. A and B are two cylinders, with their 
uns. The smaller cylinder is supplied with steam from 
boOer by the pipe F ; the steam is admitted 
off &um, the upper part of the piston by the valve G. The 
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steam tube H connects the upper and lower parts of the smaller 

cylinder, the eteam bebg admitted or cut oS by the valve L 

The lower part of the smaller 

cylinder is connected with the 

upper part of the lari/cr cylinder 

by the bent steam tube K; the 

valve L admits or prevents the 

Buppl; of Bteam from the former 

to the latter. The steam tube M 

communicates between the upper 

and lower parts of the larger 

cylinder, and is provided with 

the valve N. The tube P leads to 

the condenser, and is furnished 

with the valve O. Thus we have i 

valves by which steam is admitted int 

escape irom, both cylinders at the proper periods. Let ni 
DOW consider the action of these cylinders during each put 
of the stroke of the piston:— 

(1.) In figure '23, the pistons are at the top of the csiia- 
den. The pistou-roda are connected with two ajched hi 
of the beam, at a distance from each other corresponding 
with the leog'th of the cylinders, so that both may ai 
together at each ascent and descent of the beam. Let both 
cylinders he supposed to have been ' blown througli,' fllled 
with steam, and their valves closed. Let the vaJves G, L, 
and 0, ha opened, as represented in this lig'ure ; 
will then rush into the condenser from the lai^er cyliudn, 
which will become vacuous; steam will enter through G, 
and press down the piston in the smaller cylinder; tiu 
steam beneath this piston will tlius be forced through ^ 
tube K into the upper part of the larger cylinder, and pi 
down its pbtoD, so that both pistons will descend at ibt 
same time. It is important here to advert to the differoi 
pressures of the steam in the two cylinders: ' 
cylinder, the pressure of the steam is continually incremi'^. 
owing to its unintermitting supply from the boiler above tl« 
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piston, and ti) the gradual expansion of the steam beloic it 
into a larger bulk; whereas, in the larger cylinder, the 
pressure of the steam is continually diminishing, owing to 
the gradaal expansion of the steam above its piston into 3 
larger bulk, and to the space beneath it being tocuuus. 
The force, therefore, which presses down the piston in the 
smaller cylinder, 13 the reault of the eiceas of the increatinff 
pressure of the steam in this cylinder orer the diminiskinff 
pressure of the steam in tho other. This difference of pres- ■ 
sure in the two cylinders is adjusted by their differeoce of 

(3,) In figure 24, the pistons are at the bottom of the 
eglinders. Tho conditions of the valyes are now reyersed: 
G, L, and O, are represented aa closed; I, and N, as opened. 
By the closure of the three -valves, no steam can enter into the 
smaller cylinder from the boUer, no steam 
can escape from the larger cylinder into 
the condenser, nor can steam pass from 
one cylinder into the other. By open- 
ing the two valves, the steam commu- 
nicates from the upper to the lower part 
of the piston in each cylinder; the pis- 
tons are thus in a state of equipoise, and 
. are drawn to the top of the cylinders by th( 
terweights attached to the pump-rods, as in Watt's Hmgle 
Acting Ei:gine (page 40). When the pistons have reached 
tlie top of the cylinders, the condition of the valves is again 
reversed, and the stroke repeated. The effect anticipated 
from Homblower's method, was nearly the same as that 
prodaced by Watt's plan of cutting off the steam before the 
«ad of the stroke. Homblower appears not to have intended 
'to use steam of high pressure. 

61. Woolfs application of the Erpansive Principle. — In 
1804, Arthur Woolf obtained a patent for combining the nse 
of the doable cylinder engine of Homblower with the con- 
densing apparatns of Watt. The novelty of hia claims con- 
osted in tho assumption of a new law of the expansibility 
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■team. He imagined that he had proved, by experimcdl 
that hig-h- pressure steam will expand to the extent ^ 
doubliag its original volume for eveiy pound of pre«ain| 
above that of tlio atmosphere, and atill relaia an eladk 
force equul to that of the atmosphere, the temperature bdq 
unaltered; and, hence, that steam, generated at a presnul 
of fifty pounds on the square inch, nill expand to SStj timi 
its bulk, and still retain a pressure of fifteen pounds, oi tlw 
of the atmosphere. But these statements are at variaoa 
with the established law of the espansion of fluids. Iti 
well known, that the temperature being: unaltered, HI 
volume of elasiie Jluids is inverteli/ at their presairg; Ul 
that, consequently, steam generated at a pressure of fiAJ 
pounds, will espand only to four times and a fraction of S 
bulk, assuming the pressure of the atmosphere to be fiftMl 
pounds on the square inch. 

52. Carlarright's Single Acting Engine. — In 1797, Dr. El 
mund Cartwright obtained a patent for a new and ingeniH 
mode of constructing the steam engine. The onlj novdlj 
in this machine is the introduction of a metallic pitbm 
which was formed by rings of metal pressed from widl 
outwardly against the cylinder, so as to be rendered M 
tight without the employment of the usual means (M 
chapter VII.) Among the results anticipated irom the Ml 
arrangement, was the substitution of alcohol for water; fili 
as the vapour by which the engine was to be worked WOli 
circulate through the machine \dthout material loss, J 
supply of alcohol would be sufficient to keep the engiuM 
work, and it was supposed that tliis would require only H 
the quantity of fuel usually employed. Cartwright's van 
is represented in the opposite figure. Steam is coDTegl 
from the boiler to the cylinder by the steam tube B, a pa 
tiou only of which ia seen in the figure. There are ti 
valves, the steam valve, T, and the piston valve, R; thM 
are of the sort called spindle valves (see chapter VII.), afl 
e contrived so as to work themselves. D is a pipe wIiU 
^mijacts the steam from the cylinder to the condenser. JM 
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eondenaer consUts of two cylinders. Dearly of tl 
size, placed one wilhin the other i the vater of tbe d 
fills the inner cylinder, and aiirrotinds the outer o 
steam occujiieB the narrow space between them, and is 
densed by conlsct with the cold surfaces. The a 
placed directly below (he steam cylinder; its piston-radii 
connected with the piston of the eyltoder. F is a pipe le 
ing from the condenser to the air-pump ; from this pipe th 
condensed steam passes throngh the valve G into the pump- ; 
barrel, whence it is forced into the hot cbtern H, which is 
furnished with a valve for regnlating the quantity of dr, 
and a pipe I for supplyiag the boiler. The action of tbit 
machinery b Tery simple. 1, Let us suppose t/iepistimU 
be at the top of the cylinder. In reaching this jiositioB, it 
strikes the tail of the steam valve T upward, and opensit 
far the admission of steam; at the same time, the sleroof 
the piston valve R strikes against the upper part of tbt 
cylinder, and tBe valve is firmly closed, so as to prevent the 
escape of steam from the cylinder. 2. Let us now euppow 
the piston to be at the bottom of the cylinder. A projectbg 
spring K, attached to the piston-rod, strikes the stem of tlu 
steam valve T, and closes it against the supply of steam; U 
the same time, the tail of the piston valve R strikes agaiiUI 
the bottom of the cylinder, hy which means the valve b 
opened, and the steam escapes from above the piston into tbe 
condenser. 3. The valve in the hot cistern opens inwardly; 
it is connected with a ball, which floats on the surface of tiM 
water. When the air accumulates in too great quantity, il 
presses on the surface of the water; the level of the liquid 
falls, the ball falls with it, and the valve is opened for Ihe 
escape of the air. The pressure of the air drives the vats 
into the boiler, which is thus supplied unceasingly by tha 
engine. 4. The descent of the piston-rod is effected liy Qte 
pressure of steam which rushes in by the valve T ; lU 
ascent \s secured by the momentum of the fly-wfaeeL On 
the axis of the fly is fixed a small-toothed wheel, wbidi 
works in gear with a larger- toothed wheel, M ; and this it, 



lected by means of a crank to one extremity of a trs 
; bar attached to the head of the piston-rod. At the 
tther estremity of the transverse bar, are fised a similar 
Lnk and wheel, L. The fly-wheel receives its impulse 
liuing the descent of the piston, which it raises at each 
■troke by the momentum thus acquired. The eonstruction 
f Cartwright's metallic piston will be descrihed in a subse- 
Bent chapter. 



48. Explwn (he inequality of -velocity in the piston. Hoir 
'did Walt propose to avail himself of the surplus force tbns 
produced? Upon what principle may steam be used, ex- 
fiansively, as a moving powerP — 49. Illustrate the principle 
\fj describing the motion of a piston in a cylinder. In what 
le motion of the piston diminished with the pro- 
gressive expansion of the steam? What is the amount of 
effect gained by the nse of the expansive force of steam F 
By what meana may the greatest effect be produced in this 
iinode of employing steam? How was the efficiency of this 
nathod limited in Watt's engines? — 50. What advantages 
e proposed in Hornblower's application of the expansive 
inciple? Wliat novelty was suggested by him in the con- 
nicCion of the steam engine? How did he propose to 
jply the expansion of steam in bis double cylinder? Ex- 
lun the action of the two cyii/ideTs. What is the diffar- 
^^ ICO of pressure exerted by the steam in the two cylinders P 
ffbat is the cause of this difl'erenco? What was the amonnt 
f effect anticipated &om Homhiuwer's plan, as compared 
irittithat ofWatt?^!. State the fa w of the relation which 
■ubsists between the volume, and the pressure, of elastic 
fluids? Explain the erroneous view of Woolf on this sub- 
ject. — 52. What novelty was introduced into the steam 
eng^e by Cartwright? Explain the principle of his engine. 
How are the valves worked ? 
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53. General Remarks, — In the four preceding cbaptfn. I 

the attention of tbe reader has been mdnly directed to lb« 
labours of Savery, Newcomen, and Watt, in perfecling i 
slationart/ engine for a specific purpoae. Numerous oan- 
triTances for applying steam to the production of mechanical I 
power, have been from time to time introduced ; manj of I 
these have heen hitherto omitted, as having no direct appfi- 
cability to the steam en^ne of the present day; tbey v 
however, be incidentally noticed in the subsequent cbapb 
We are now in a, condition to advert to the locomotive ei 
of modern times, as employed for land, or marine, tn 
There ore two liinds of steam engine in geueral u 
high-pressure engine, and the low-pressure enffiue. 
former of these is sometimes termed the r 
engine, owing to the absence of a condensing apparatfl 
the steam. In this case, instead of being condensed, is 
charged from the engine into the atmosphere, after bavfi 
performed ite task; the latter, or low -pressure eagine,! 
also termed the condensing engine, from the presence of fl^ 
condensing apparatus. The high-pressure engine ii 
ously the more simple of the two, its essential puts b 
only two in number, the boiler and the cylinder; wher 
the low-pressure engine requires the presence c 
part, the condenser. Engines are sometimes emplojt 
which combine the principles of both these endues, I 
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fiiel. There are various substances which, when heated to 

a certain temperature depending on their natnre, beg^ to 

give out heat, and continue to do so until the whole of 

the substance be burned, or, philosophically speaking, be 

changed into new products, which, being principally gaseous, 

are, under ordinary circumstances, dissipated in the atnso- 

sphere. The amount of heat, emitted during combustion, 

varies with the substance burned ; it is, however, definite, 

and may be measured; the plans usuadly adopted for this 

purpose, are, to melt ice, to raise water from the freezing to 

the boiling point, or to convert water into steam. The 

amount of heat emitted, appears to be in proportion to the 

amount of oxygen which combines with the combustible 

body: the greater the quantity of oxygen consumed, the 

greater quantity of heat is develox>ed. The following table 

shows the amount of heat emitted by burning four substances 

of variable quantity with an equal quantity of oxygen: the 

amount is nearly the same: — 



iiM.or 
1 lb. oxygen with hydrogen heats from 32® to 212® . 29^ 

" with charcoal 29 

" with alcohol 28 

" with ether 28J 

Tredgold states that the average heat for the production of 
effect is about 1200'' ; and, in order that the fuel and its 
products may remain in this temperature until they shall be 
consumed, the following circumstances must be attended 
to:— 

(1.) A quantity of air sufficient to supply the oxygen 
required for combustion, must have as free access as possible 
to all the parts of the burning mass, and with as little 
exposure of the surface of the mass to the cooling effect of 
other air, as the draught of the chimney will allow. 

(2.) The quantity or mass of fuel in combustion, must 
be of such a proportion to the quantity and temperature of 
the surface to which it communicates heat, that it can only 
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B as much heat aa it generates when it arrives at the best 
ir combustion ; allowing; for the cooling' effect 
e surface acted on hj the air required in the procesa. 
S.) The flame and smoke must be kept in contact with 
B vessel, as long as it b capable of afibrding heat. 
(4.) The fluid to be evaporated should enter bo as first to 
Teceive the heat where the smoke last acts on the fluid, 
BO that there may be the greatest possible difference of tem- 
perature between the smoke and the fluid; and, consequently, 
that the fluid may deprive the smoke of heat, as it becomes 
gradually heatdd to the temperature of the vapour before it 
arrives over the fire. 

55. Supply of Air for Effective Comiusft'on.— The dif- 
ferent kinds of fliel reijuire different quantities of oxygen for 
their effective combuation. The amount of oxygen required 
for the combustion of the different kinds of coal, varies from 
nearly two to three pounds of the gas for each pound of the 
fiiel. Oxygen constitutes about one-flfth of atmospheric 
air, and twelve cubic feet of oxygen are required to weigh 
one pound. Hence, sLvty cubic feet of common air are 
required to yield one pound otoii/ffea. But Tredg^old states 
that it is not possible to render tho whole of the air effective ; 
that part of it will escape unchanged by combustion ; that 
he usually considers only two-thirds to be effective ; and 
that, therefore, ninety cubic feet of air are required to yield 
one pound of oxygen. It appears, irom his calculation, that 
the quantity of air and smoke may be stated in round 
numbers, for coal and coke, at 2000 cubic feet for each cubic 
foot of water converted into steam, and lor wood at 4000 
cubic feet. The importance of this knowledge in the con- 
struction of grates for the boilers of steam engines, and il 
the adjustment of the draught of the chimney and ash-pit, is 
obvious. 

5ti. Higk-Pressure Steam. — The method of generating 
hiffh-pressure steam has been described and illustrated a 
page 10. Some further observations on this subject are here 
ecessary, as it is important to be enabled to ascertain with 






i 



78 BIQB-F&BBSUBB STEAK. 

readioefa the amounl of pressure produced nniler en 
cnmstaBceB, in order to preveDt explosioa. 

(1.) Let the mouth of a vessel in irhich steam u 
u in the %ure, be supposed to be an inch 
square, and a weiglit W of one pound laid 
upon it ; when the eloBticitj of the sleain 
Is lufficient to raise this weight, it is said 
to .haTe a preseure of one pound on the 
tquare inch. If the ireight be increased 
to nay number of pounds, the steam which 
is elastic enough to raise it, is said to have j.'^_ 3 

a pressure of a corresponding number of 
pounds on the square inch. The amount of preasnre Di 
adopted in high -pressure engines, ranges ftoia 1 
pounds on the square inch. 

(2.) The increasing elasticity of high-presaare st 
however, be measured, not with reference to the 
one pound, but to that of tiftceo pounds, □ 
upon the square inch. The attention of the reader ii 
Ocularly directed to what has been said on this si 
pages 10 and 11. The pressure of steam is there z 
by its effect in raiding a column of mercury of 30 1 
height, which weiglis fifteen pounds, witliin a tul 
Butffitituting for the column of mercury another kind rf 
weight of fifteen pounds, as in the above figure, the prindidt 
is transferred at once from Papin's Digester to the boil^ef 
a steam engine. Supposing the weight employed in Sg.St 
to be fineen pounds, the steam which is sufficiently elastie 
to raise it, is said to have a pressure of one atmosphercf if 
the weight ■*ere equal to thirty pounds, it would r 
steam of the pressure of two atmospheres 
proportion. A different method of designating these p: 
is sometimes adopted. Common steam, generated ii 
vessels, has sufficient elasticity to balance the pressure ol 
atvuoaphere, and rise against it; it is, therefore, frequent^' 
called steam of one atmosphere ; consequently, when it i) 
confined, and of sufficient elasticity to raise a wdgbC rijl 
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fifteen pounds, it is said to haTe a pressure of two atmo- 
spheres. This difference of expression is readily adjusted by 
specifying whether the pressure, spoken of, is the total 
pressure of the steam, or merely its excess aboTO the pressure 
of the atmosphere. 

57. Safety Valves. — The danger of explosion arising 
from the employment of steam of too high a pressure, led to 
the introduction of the safety valve. The simplest idea of 
this precautionary apparatus is suggested by the rude expe* 
riment described in the last paragraph but one. There are 
several kinds of safety valve. 1. The apparatus most com- 
monly in use for this purpose, is represented in the fig^ures of 
Savery*8 and Papin*8 engines, pages 23, 24 ; a safety valve 
is there represented as fitted in the boiler of the former, and 
in the boiler and cylinder of the latter, engine. This form 
of valve is called the lever , or the steelyard, safety valve. It 
eonsbts of a conical plug, fitted to an aperture in the boiler^ 
and retained in its seat by a weight suspended to a lever. 
The lever being graduated, and the weight moveable, the 
engineer is enabled to adapt the weight to the required 
pressure of the steam. For greater security, a second valve 
is sometimes added, with a less load upon it, so as to 
open first, and thus apprise the attendant of the increasing 
pressure of the steam. 2. In locomotive engines, in which 
steam of very high pressure is used, spring valves are 
employed. One of these is shown in the adjoined figure. A 
series of curved springs S P are 
arranged in pairs, alternating in 
opposite directions, within a square 
frame. These springs are made to 
press upon the valve n, by means 
of the transverse barm, the pressure 
being regelated by a screw t. An 
engine should always be provided 
with two such valves, one of which 
should be enclosed in a metallic 
case and locked up, to prevent the f{g^ 27. 
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load being incautiously increased by the attendant beyond 
the limit of safety. 3. The extent ofsufface of the valve at 
its lowest part, where it is exposed to the pressure of the 
steam in the boiler, must be adapted to the force of the steam 
employed. It is obvious that it must be large enough to 
allow the steam to escape from the boOer as rapidly as it is 
generated within it. The force of the steam should be rather 
more than what is actually required to work the engine ; in 
low-pressure boilers it is usually about five pounds on the 
circular inch ; supposing, then, the diameter of the lower 
surface of the valve to be three inches, its area will be nine 
inches ; and this number, multiplied by the number of 
pounds, gives the proper weight to be laid on the valve in an 
engine working at this pressure, viz., 45 pounds. The valve, 
so loaded, will not open, untU the steam acquires a higher 
pressure than that of five pounds on the circular inch. 

68. Fusible Plugs, — For high-pressure boilers, additional 
precautionary means against the risk of explosion have been 
adopted. The idea of a high-pressure engine had occurred 
to Leupold (page 30) ; it had also occurred to Watt ; but 
it is to Messrs. Trevithick and Vivian that we are indebted, 
in 1802, for the practical application of high-pressure steam. 
To guard against the danger of explosion, Trevithick bored 
a hole in his boiler, and plugged it up with lead, at such a 
height from the bottom of the boiler, that this vessel could 
never be exhausted of its water by boiling without exposing 
the lead to be melted, and thus opening a vent for the escape 
of the steam. Upon the same principle, a plug of some 
Jusible metal is tightly fastened into a hole at the bottom of 
the boiler, so that it may melt, and allow the water and 
steam to escape, whenever the temperature of the boiler 
rises higher than its due degree. Fusible metal plugs are 
liable to objections. First; their melting points are much 
higher than is compatible with the pressure to which the 
boiler is adapted: lead melts at 612°, and at this tempe- 
rature the pressure of the steam would be equal to that of 
about 150 atmospheres; tin melts at 442% and this tempe- 
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B pnsiiuc of moTC tban 35 
Seoondlj; meUl plngt which «« fndble at 
the Ul {■<jMue of die steam in the boiler, would beeoma 
M Aa t oi bj ibe eoatiaoed wdinuy temperature, so as to b« 
Bait to TTlaia the tteam at its working praaanre. Variona 
oBoft ^ mrtalt are, bowerer, hdble at tempentnrei suffi- 
eieUlj low &r tba parpoae; the; may be formed so as to 
nek xt t e^y er atmra ranging from 212° to upward of 600*: 
an allqj fivmed t£ cme part of lea^ ttai«« of tin, and fire 
«f bisnadi, melts at the common temperature of boiling 
water; and bj eomlMning these metals in dilTereot propor- 
liaBS, aOaja may be jn^ooed which melt at progresuvcly 
tigfaer tempcnlnrea. Bat, as Tredgold obseires, we have 
no eridenee that the '"''''"g points remain permanent in 
iDoys whidi are regularly exposed to a heat so nearly ap- 
proaching to that at which they fnse when newly fonned. 
Ute fiiaible plug may lie adopted as an auxUiarji means of 
safety, bnt cannot be idled on with mnch confidence. 

59. Meratrial Sttam Gauge. — Another and a Teij dif- 
ferent mode c£ ascertaining at all times the pressure of the 
steam, is that afforded by the mercvrial gauge. This in- 
tsof a tobe bent u represented in the figure, 
mcating with the boiler 
it one extremity C, and open at 
the other. The tnbe contains 
some merenTy, which is fbrced 
down the diorter, and up the 
lonfi 1%> '>T ^^ preuure of 
the steam- If the tube be made 
of ^asB, a graduated scale is 
attached to it, as at A, and the 
amoant of pressure aaoeitained 
by the rise or fall of the ma- 
etuj. But, in liigh-presaare 
engines, a longer tube is ra- 
qnired, and it must be made of 
metal; in this case, a float of 
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iron, fixed ta a rod, is made to rest on the merairy, a 
rod indicates tbe degree upon the scale, as at B. 
amount of pressure is eaailj aaoertained. If the m 
remain at the same level in bulh legs of the tube, itu 
Eure of the steam in the boiler is exactly equal to Q 
atmosphere. But, by calculating the weight of mi 
has been found, that for every inch which the mercurya 
above that point in the long leg of the tube, the a 
the hoiler has acquired an additional pressure of n 
pound on the square inch. Henc«, if the scale be e 
by inches, each pound of additional pressure of the ti 
will be indicated by a rise of one degree on the scale. 
evident, that an apparatus of this kind would act as a M 
safety valae; for, if the pressure of the sleam b 
strong, it would drive the mercury out of the tu 
esca|ie into the air. In cases in which steam of t( 
pressure is employed, the use of this kind of instn 
would he inadmissible, owing to the great length o 
necessary to contain the required column of merowy.ll 
these cases, the thermometer gauge may be emploj 
principle is illustrated in the figure at page 10. 
relation exists between the temperature and thepream 
steam, which is in contact with water, so that, by n 
temperature, as indicated to the eye by the tber 
gauge, we are enabled to judge of its pressure. 

60. Surface of Steam Boilers.— For the eSective pro 
lion of steam, it is requisite, Jirst, that a certain exleatd 
surface of the boiler should be exposed to the fire ; toi, 
aecondli/, that the steam and water within the boiler shonU 
occupy relative spaces to each other. The construction of 
an effective steam boiler is by no means so simple a matMi 
us it may appear. The frequent explosion of boilers ha 
caused attention to be directed to this subject ; and then 
is still room for considerable improvement. In order W 
supply steam with sufficient rapidity for the uses of U 
engine, it is necessary to keep a large quantity of 
constantly heated ; and, for this purpose, the boiler i 
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ofP(N' a sufficient extent of surface to the fire. The surface, 
thus exposed, may he distinguished, in reference to the effect 
produced on it, into the bottom surface^ which receives the 
immediate effect of the fire and flame, and the side surface^ 
orfluesy which receive the heat of the smoke. 1. It will he 
convenient, first, to speak of the sum of these surfaces. 
Watt found, that ' ' with the most judiciously constructed fur- 
nace, it requires 8 feet of surface of the holler to he exposed 
to the action of the fire and flame, to boil off a cubic foot of 
water in an hour.*' Smeaton had previously stated the 
extent of surface for one bushel of coals per hour, at 88 feet; 
and, for 13 bushels per hour, at 82 feet. His calculation 
leads to the same result as that stated by Watt: it requires. 
In a round number, eight feet of surface to convert one cubic 
foot of water into steam, A cubic foot of water, thus con- 
verted into steam, is considered equivalent to a one horse 
power,* as employed in calculations in the present day; and 
a result, equal to ten times this one horse power, may thus 
be ensured, in the vaporisation of ten cubic feet of water, by 
the well-directed combustion of one bushel of coal. 2. The 
proportion of bottom surface required for the best effect, 
appears not to have been precisely determined; the ordinary 
extent ranges from three to five feet for each cubic foot of 
water converted into Steam per hour. Tredgold states, that 
he has observed boilers to be incapable of supplying the pro- 
posed quantity of steam when they had less than four feet of 
bottom surface. Mr. Millington, who first appears to have 
measured the power of a boiler by its bottom surface, states 
that a boiler for 20 horse power is usually 15 feet long and 
6 wide, having 90 feet of surface, or 4J feet to one horse 
power ; and that a boiler for 14 horse power has 60 feet of 
surface, or 4*3 feet to one horse power. 



• This expression will be fully explained hereafter. It may be 
sufficient, for the present, to state, that the value of the * horse power/ 
in an atmospheric engine, is calculated at 33,000 lbs. raised one foot 
high per minute ', and, on a railway, at 400 tons transported one 
mue per day. 
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6 1 . Capacity of Steam Boilers. — The other reqnisiU ^4 

nected with the effective production of steam, is the eapatiU 
of the boiler. This vessel must be of dimeDsions tocontlH 
aleam in sufficient qnsDtity to meet the demaod of the wU 
pn^, without material reduction of its pressure; &ad inIH 
in sufficient quantitj to supply the incessant demand !■ 
steam. I. The tpace for iteam witliin a boiler haa bwB 
variously atated; it has been said by different writers, dfl 
a boiler should contain five, six, eight, and even t«n tioH 
the volume of steam required for a single stroke of (fl 
piston; aad Frony asserted, that one of the advantages afl 
double a.cting engine, consists in its requiring a smlDfl 
l)oiler than a single acting engine. Whatever may he ^| 
precise space for steam in a boiler, it will evidently f^l 
with the mode by which the steam is supplied; it wiUlfl 
different, for instance, when the steam is supplied tmin^H 
rupledly, and when it is cut off during the desceot of ^| 
piston, as in the expansive engine, described in the preslfl 
ing chapter. 2. The space for water within a boiler t(^| 
with the more or less equable mode by wliich this Uqin^| 
supplied; this subject wiil bo noticed in a, separata pijH 
^raph. Tredgold states, that if a boibr be fed at «lfl 
stroke, it should have five cubic feet of water for eadi n^| 
foot of steam it is capable of boiling off per hour, vhal^| 
the boiler be high or low pressure. He adds, that the ^H 
acting feeding apparatus must be delicately a4Ji*'^V 
reduce its intervals to even twice that time, and there&W 
such boilers rei]iiire at least 10 cubic feet of water for each 
cubic foot of water boiled off per hour. He observes, thai 
the proportion of the quantity of water in the boiler to thil 
admitted, ought to be such that the temperature should doI 
he lowered, so as to reduce the force of the steam one- 
thirtieth part. He concludes, " that to limit a low-pressnre 
>team boiler of a double acting engine, with a self-acting 
teed, to a change of elastic force not exceeding one- thirtieth, 
k we must have ten feet space for steam, and ten for water, 
K for each cubic foot of water the boiler eonmionly ^nt 



■°"1^ 



WAGGON BOILER. 85 

»n hour, or for each horae power; and that, if the steam 
cut off before the stroke is completed, a greater space 
last be allowed for steam." 
62. Forms of Steam Boilers.— The extent of surface, and 
.e capai^ity for steam and water, of a boiler having been 
insidered, it becomes a matter of considerable interest to 
^te^mine yrhatform of boiler is most likely to pve effect 
I the proportions above stated. 1. In point uf strength, 
e should naturally incline to Che apkerieal form, the pres- 
ire of the steam bein; equal at every point ofsachaboiler', 
I fact, the earliost steam boilers were nearly of thb fonn, 
t in the engines of Savery and Papin fpp. 29, 24); more 
jcent discovery has, however, shown, that what was thus 
strength is more than compensated for by loss of 
inrfiice, and, consequently, by increased consumption of 
Modiflcatiuns of tlie spherical form were therefore 
idopted; the bottom surface was rendered concave, the flue 
lUrfacea, or sides, were perpendicular, and the upper surface 
retained the hemispherical shape ; this kind of boiler pre- 
snted a combination of the sphere and the cylinder, and 
may be termed the cylmdro-spherical boiler. S. Another 
lodifleation was suggested by the loss of heat, which oc- 
ourred as the flame passed up the sides of the boiler. An 
abrupt diminution of the diameter of the boiler was likely to 
confine the flames around the sides, as may be seen in the 
boiler of Newcomen's engine, p. 2G. This is the origin of 
■what has been called, from its characteristic appearance, the 
Aagcock boiler. In the following^ paragraphs, the principal 
forms of boiler adopted in more recent practice, are illus- 
trated. 

63. Waggon Boiler. — This form of boiler, so named from 
its resemblance to a long, heavy, four-wheeled waggon, was 
introduced by Watt. His object in the construction of his 
boilers was, to economise the fuel as much as possible. He 
Bays: — " It is not the shallowness or depth of the boiler that 
produces this elfect ; but the making of the boilers of such a 
shape, that the air which passes through the Are shall be 
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rubbed of almost all its beat before it can make its esapt 
The boiler, as originally constructed by Walt andfiobg 
was slightly cnncave at its bottom surface, with perpcndiad 
fides, flat euds, and a semi -cylindrical top. The fonn of il 
sides and ends was, certainly, not conJuoive to stmgl 
indeed, tiie steam intended to be generated id this btnlern 
of a {ireasure not exceeding that of the stmospfacFe bj m 
than from 3 to 5 lbs. on the square inch. An improTenM 
was afterwards introduced ia this form of boil«-, by hollH 
ing ia the sides, as represented in the traasveise Sfel 
of the improved waggon boiUr in the an- ] 

neied figure. The heated air from the fire « ^ J 

below the boiler, after passing under its [ Yjj'' m 
entire length, is brought back, pra?iouslj- I f B \jt 
to its escape to the chimney, by flueso o, /.f\f A ^ 
in order that the sides of the boiler may / AJ^s^ ^J 
receive all the effect of the heated air. The j / /^- •'V"] 
modes by which the boiler is supplied with 'h L^.^.s s ^ ^S^ 
water, will be more particuhirly noticed I'Plnffl 
hereafter. One mode may be here described. f ,•„_ 2S', i 

By means of the ajiparatus represented in I 

the flgure, the water is supplied in pro}ie7 quantity t»| 
boiler, and maintained at a uniform level from a reservri^ 
means of a lube g, which passes through a box c inta-j 
bailer. The box contains a valve v, which is made to nfj 
late the supply of water : when the water is at the reqiltl 
level in the boiler, the valve v ia kept in its scat by pran 
from the lever a b, which is loaded at a. But to tha « 
branch £ e of the lever, an iron rod is attached, •trm 
descends into the boiler, and carries a float of wood_^; 'm 
the level of the water sinks, the float sinks with it, ths poll 
is brought down, tbe valve is raised, and water admitted Q 
the boiler, J 

64. Cylinder Boiler. — Another form of the boiler ia | 
ryliadrical. A simple cylinder with convex ends Sipp^ 
^k to be the best form of bailer for the production of 1e^ 
^■^pressure steam. Of this form, two modifications oecni : ]i 



1 nhicli tlie furnace is wilhin, and that 

1. The former of these, 

oiler, is represented, in transverse se 

' two cylinders, the one 
laced irithJn the other, and the 
e betweeo them beings occupied 
certain extent by the water. The 
nt«r cylinder may be six feet in 
and is frequently fifty or 
a length. The heated air 
1 the fire, atler traversing the 
■r cylinder, is conveyed under the 
r by the flues o o, by which n 
it effects of its heat 



i.EE. 



a which it is outside, 
T the tabular -fined 
ition, in fig. 30. It 




Fig. 30. 



imparts the 
the holler, before it is carried to the 
limney. The cylinder boiler, as figured above, is preferred 
the most economical, for the great steam engines at the 
ine* in Cornwall. The boiler employed by Smcaton was of 
spherical form, but, like the one above, it was enclosed 
itirely withio the boiler. Tredgold says, that on the 
JATge scale, Smeaton's boilers were admirably adapted for 
^nerating steam, and were little inferior to any which have 
been contrived. 2. The following figures iiluatrate a 
timph cylinder boiler, in which the furnace is on the outside ,- 
the smaller figure represents a transverse, the brger a vertical 
and horizontal, section, of this apparatvis. This kind c 




I 



boiler has a diameter of four feet, and is about thirty feet ii 
length ; its ends are flattened segments of spheres ; 
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position, the tire conununicatea its greatest heat to the bottoo 
surface of the boiler ; the flame and hot air then traierse 6« 
(lues, the direction of which is denoted by the white chnnnelfc 
in a baclcnard direction, so aa to expend all their heatonthe 
■Gveral parts of Uie boiler before they are conveyed to ti» 
chimney. A boiler of this kind evidently requires a Iwfe 
consumption of fuel, and has the further disadvanta^ o( 
being very bulky. It is much nsed in the American engiiwi 
65. TSiJmlar BuUers. — Various other forms of boiler h»i» 
been suggested, with a view to economise fael, bulk, ni 
weight. In 1774, Blakey bad proposed to use cylindrieti 
tubes for boilers, in order to obtain a larger heating sur&M 
in a smaller space ; for it is found that the effective graw- 
ration of steam depends more on the exteat of surfiM 
exposed to the direct action of the funiace, tlian on dM 
general bulk of the boiler. Several varieties of tubnlir 
boilers wore contrived hy Count Humford and Artbnr 
Woolf ; these were, however, of complicated construi 
and were necessarily woak Irom being made of cast icon- 
Tlie following figures exhibit a form of boiler, vrhich maybt 
considered as a transition form from the tubular-flued already 
described; the smaller figure presents a transverse, the larger 
a horizontal aitd vertical section, of tliis apparatus. ~~ 
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vertical portions of the boUer, called ' water legs,' recein 
ihe heat on each side, as Been in the amaller figure. In this 
apparatDB the heal is economised, bdng conveyed to the 
boiler without anj expenditure of it upon the brickirork of 
the fiimace, A further economy of heat has been effected by 
lahstituting, in room of one Urge tube, a great man; smaller 
tabes of about six inches in diameter, as in the following 
figures: — 




Ffe-M- 



Fig. 36. 



In this form of boiler, the flame and hot air, after traTerun; 
the tubes, circulate in the space beneath the boiler previous^ 
to their being conveyed to the chimnej. 

66. General Remarki on Boileri. — The following obser- 
vations on the construction and economy of boUers, taken 
fhim Mr. Scott Ruggell's Treatise on the Steam Engine, 
published in the Encyclopedia Britannica, serve to show the 
difficulty of adjusting the several parts of this important piece 
of apparatus. " The conclusion to be drawn tkim all that 
has been attempted or achieved in boilers, is, we believe, 
the fallowing :— That there exist certun limits prescribed by 
the constitution of fuel, the nature of metals, and the pro- 
perties of water and steam, which cannot be exceeded without 
incurring evils that greatly overbalance the partial gain. 
The best boilers that have ever existed have been tiiose 
in which a large number of principles have been applied, 
and so adjusted in relation to each other as to gain the 
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maximum, not of any one property, but of all the valuable 
properties, each in the degree of its individual importance. 
The first cost of the boiler must not be rendered too great, 
or that will neutralize the economy of using it ; the space to 
which it is confined may be as small as possible ; but, if that 
be produced by intricacy of construction, the loss may sur- 
pass, the advantage. Then, again, if complex and confined, 
it may be impossible to cleanse or to repair the boiler ; and 
therefore it must be remembered, that unless easy access can 
be gained to every part of a boiler, and of its fines, that 
boiler will soon become totally useless. Then, it is further 
demanded of a good practical boiler, that, if one part should 
be damaged or give way, the whole should be so constructed 
that the damage done to that part must not endanger the rest. 
An extensive heating surface is to be obtained for economy's 
sake ; but that large surface must at the same time remain 
unimpaired to resist burning ; a property to a certain extent 
inconsistent with extensive surface. The surface which is 
thus spread as widely as possible, so as to apply the fire to 
the water through every part of its mass minutely and in 
gpreat subdivisions, if extended beyond a certain degree, will 
not have over it a body of water capable of conducting heat 
from it with the rapidity adequate to the rapid generation of 
steam, and to the preservation of the intensely heated metal 
from the destructive action of the fire. Then, again, it is 
desirable to have long and tortuous flues, to extricate as 
much heat as possible from the fuel and the products of 
combustion ; but these, by their very length, may interfere 
with the draught of the chimney, so as to diminish the 
efficacy and vigour of the combustion of the fuel, and produce 
loss instead of gain. Thus it happens that the whole question 
of boilers is an exact and judicious combination and adjust- 
ment of parts, 80 as to obtain each of these many points in 
that degree which is most advantageous for every one of the 
other qualities, and of all of them together. The question is 
a practical one of no common difficulty." These are im- 
portant remarks on a most important subject. 
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67. Strength of Boilers. — In determining the material of 
which steam boilers should be constructed, the first object 
to be considered is safety. It is, therefore, necessary to 
ascertain what excess of strength a boiler should possess in 
order to ensure safety. On this subject Tredgold observes : 
*' It is clearly a matter of opinion, founded on the experi- 
ence of past accidents, as to the degree of pressure required, 
and it has been almost universally allowed, that three times 
the pressure on the valve in the working state should be 
borne by the boiler without injury. This degree of excess 
of power seems to be fully sufficient for the ordinary loW' 
pressure boilers; indeed, I should think twice the pressure a 
proper allowance; and, were it always provided, there would 
be little chance of accident, if the valves be properly con- 
structed and attended to. It becomes insufficient in high^ 
pressure boilers^ because a common low-pressure boiler con- 
tains about ten times the volume of steam required for one 
stroke of the engine, consequently the time of twenty strokes 
must elapse before the density of the steam could accumulate 
to three times its working density, supposing the engine to 
be stopped, and the valve out of order; but if the boiler con- 
tains only as much steam as is required for one stroke, the 
force will be increased to three times in the time the engine 
would have made two strokes. This rapidity of the increase 
of force does not leave the necessary time to examine, nor 
even to open the valves in this extreme case, and the hazard 
must be greater in consequence. In all cases the time of 
accumulating power should not be shorter than it is in the 
common boiler. Besides, in working an engine where the 
excess of force increases so fast, the loss of steam would be 
considerable from any variation of the heat of the fire, even 
were the valve to act properly, and, therefore, there is a 
temptation to load the valve beyond its regular weight. To 
render the security on the stoppage of the engine equal in 
all cases, the excess of strength should be inversely as the 
space allowed for steam. It is still more important to con- 
sider the subject, in relation to the danger arising from 
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unequal action of the fire ; and, ibr this, the excess of strength 
should be inversely as the contents of the boiler expressed in 
units of the power. Boilers may fail from strains produced 
by other causes besides the force of the steam, and these may 
be noticed to g^ard against the circumstances which produce 
them.*' Among these causes may be mentioned the explosion 
of inflammable gases in flues which are unscientifically con- 
structed; and the formation of hydrogen gas within the 
boiler, owing to the water being in contact with a part of 
the boiler which is red hot. In reference to the latter cir- 
cumstance, Tredgold adds that, although the presence of 
hydrogen in the boiler would not add to the risk of an explo- 
don, it undoubtedly would render it more destructiye if it 
should take place. The destructive effects of an accident 
which occurred at the Cyrfartha Iron Works were attributed 
to the inflaming of hydrogen accumulated within the boiler. 
The boiler was constructed of the old spherical form, twenty 
feet in diameter ; the thickness of the plates, when new, was, 
top plates a full quarter of an inch, bottom plates half an 
inch; load on the safety valve 7 lbs. per circular inch. Many 
lives were lost by this explosion, and the boiler was thrown 
to a distance of 150 feet, to a place thirty feet above the level 
of its former seat. The upper plates were too weak. 

68. Materials of Boilers. — The materials generally em- 
ployed for the construction of boilers, are cast iron, wrought 
iron, and copper. 1. Cast iron boilers were employed by 
Smeaton with great success; they possess the advantage of 
cheapness, and, with careful management, will last for along 
time; but, being brittie, they are liable to break from the 
effect of unequal expansion, or from increased pressure of 
steam. 2. Wrought iron boilers are much used in this coun- 
try and in America. Being ductile, they are free from the 
objections to which the former kind is liable; but they are 
not free from the effects of incrustation arising from the de- 
position of foreign matters, which, being combined with the 
water, are liberated when the water is converted into steam. 
To obviate this difficulty, Mr. Gumey proposed to ii^ect an 
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acid through the tnbes, which should combine with the de- 
posited matters, and carry them off. This plan was found 
to be difficult in practice, and it was afterwards proposed to 
remove the incrustation by mechanical means. 3. Copper 
boilers were substituted for those of iron, with the yiew of 
preyenting the deposition of calcareous and other matters. 
It has been stated that these matters, instead of forming an 
incrustation on the copper, would merely be suspended in 
the water, and would be carried off by the blowing prO' 
cess (p. 41). This subject has been already alluded to at 
page 6. But Mr. Dinnen is decidedly of opinion, that it is 
unnecessary to prescribe any specifics for the preyention of 
deposit or of chemical action in copper boilers employed in 
marine engines; he states that the same effects occur in cop- 
per as in iron boilers, when submitted to the influence of a 
highly concentrated solution of saline and other matters, in 
a constantly boiling state, yiz. deposition of salts and other 
deposits, and ultimate destruction of the boilers. But cop- 
per boilers possess certain advantages oyer those made of 
iron: copper is a better conductor ))f heat, and thus econo- 
mises fuel and space; It is much more durable; it is more 
uniform in its durability; and it is valuable, as a commodity, 
when old. On the other hand, copper is much more expen- 
sive at the first outlay; and it is more flexible than iron at 
high temperatures. 

69. Deposits on the outside of Boilers.— Mr.Dmnen has 
pointed out a serious evil which occurs in marine boilers, 
whether made of copper or of iron. This is the accumula- 
tion of soot, salt, &c., in the flues, the chemical action of 
which is very destructive to boilers. Water, he observes, 
whether cold or boiling, filters through numerous apertures 
insignificant in dimensions, and almost inseparable from the 
intricacy of the construction, and mixes with the soot, form- 
ing a combination which corrodes the material very rapidly. 
The heat of the boilers, when employed, evaporates the 
water, and leaves the salt, &c., in a concrete state ; which, 
when cold, is again dissolved, and recommences its action 



94 F££DIKG APPABATUS OF BOILERS. 

more formidably. In cleaning ont the flues of a copper 
boiler, '* the congeries of salt, soot, and water, was thrown 
out upon the iron plates of the engine room flooring, where it 
remained for nearly two days; when removed, and the plates 
well washed, a pretty and novel phenomenon was exhibited. 
The iron plates had precipitated the copper firom the solu- 
tion which covered them, exhibiting a permanent metallic 
surface of copper,** The leaks from which the salt escaped 
were found to be so unimportant, that the usual measures to 
staunch them could not be attempted without the risk of 
increasing the evil. Mr. Dinnen is of opinion, that copper 
boilers undergo more injury than those of iron from these 
deposits. The remedy must be found in sweeping the flues 
as often as possible, and keeping the boilers perfectly dry 
when unemployed. As a last remedy he recommends the 
application of cement to the angles and fillets of the flues, 
so as to completely enclose the angle pieces, with their de- 
fects.* 

70. Feeding Apparatus of Boilers. — The loss of water in 
the boiler by the expenditure of steam, should be supplied 
uninterruptedly, so as to prevent any considerable variations 
in the level and temperature of the water. Various contri- 
vances have been adopted, in order to secure the attention 
of the engine man to this object. 1. In the early engines of 
Newcomen and Savery, the quantity of water in the boiler 
was regulated by the use of two gauge cocks. The nature 
of this apparatus may be seen in the atmospheric engine at 
page 27, and it is described in page 28. 2. In the early 
engines of Watt, a self-acting steam whistle was connected 
with the boiler. It consisted in a tube, one end of which 
was inserted into the boiler at the lowest level to which the 
water was to be allowed to £sdl, while the other end was 
conducted into the engine-house, where it terminated in a 
mouth-piece or whistle. When the water had fallen to this 
level in the boiler, the steam rushed through the tube, and 

* Dinnen on Marine Boilers, Appendix in Tredgold. 
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Fig. 37. 



loudly admonished the attendant to shake off his slnmher, or 
quit his repast, and to feed the hoiler. 3. A third con- 
trivance consisted in applying to the boiler a glass tube, 
bent at right angles at both ends, as repre- 
sented at T T* in the adjoined figure; one 
of the ends entering the boUer above, the 
other below, the required level of the water. 
From a well-known law of liquids, it is evi- 
dent, that the water will stand at the same 
level in the boiler and in the tube, and thus 
the attendant will be enabled to see^ without taking any 
farther trouble, when his services are required. 4. Another 
contrivance for indicating the periods of replenishing the 
boiler, is addressed to the eye of the attendant in the appa- 
ratus of the following figure. Let the 
water in the boUer be supposed to be at 
its proper level. A weight F may be so 
prepared as to be nicely balanced, when 
lialf immersed in water, by a counter 
weight. A, conneeted with it by a flex- 
ible string, passing steam-tight through 
the boiler, and working over a v?heel W. 
When the water falls or rises in the 
boiler, the balance between the weights is destroyed: if the 
level of the water rise, the weight F rises also, and the 
weight A falls ; if the level of the water fall, F falls with it, 
and A rises. By attaching a rod across the wheel, or fixing 
two pins to its circumference, which shall be in the hori- 
zontal position when the water is at its proper level, an 
index is at once obtained by mere inspection of the wheel. 
5. £ut^ after all, the engine man may happen not to look, 
and the consequence may be serious. Hence it is necessary, 
that the engine should be enabled to supply its own boiler, 
by what is called a self -feeding apparatus. A contrivance 
of this kind has been already described and illustrated at 
page 86. Other kinds of self-regulating feeders have been 
employed, on the same principle as that referred to. 




Fig. 38. 
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71. On increasing the Evaporating Power of Boilers. — 
A contrivance has recently been introduced by Mr. C. W. 
Williams, of Liverpool, for e£Pecting a more rapid genera- 
tion of steam, without increasing the size of the boiler, or 
requiring any additional fuel. The object of his discovery 
is to transmit the greatest possible amount of heat for the 
generation of steam, with a given quantity of fuel. He 
considers, that nine-tenths of the heat in marine and land 
engine boilers are immediately received from the furnace 
and flame-bed, and not from the heated gases, which might 
be made more available, to the same end, by an improved 
construction of boiler. His plan is, to insert a number of 
iron pins through the plates of the boiler, one end of them 
projecting into the flue, the other into the water in the 
boiler. These pins, exposed at one end to the heat in the 
flue, act as powerful conductors, through the boiler-plates, 
of the heat into the water. Hitherto, the question of the 
mere surface of plate exposed to the flues had been alone 
considered ; and the only remedy for the defective genera- 
tion of steam, was conceived to be an increase of that sur- 
face. The conducting pins, however, were found to absorb 
the heating gases in their progress along the plates of the 
boUer, and greatly to hasten the generation of steam. A 
pin of half an inch in diameter, projecting three inches into 
the flue, gave a heating surfisMW of four and a-half inches ; and 
by its conducting power and interior projection, that half 
inch gave as much heat as nine half inches on the outer 
surface of the plate. Air is a good conveyor, but a bad 
conductor, of heat; for it carries most of it up the chimney. 
The great object is, to arrest the heat in its progress, and 
give it out at the right place. The current of heat passing 
along the plates of the boiler, rendered them only transverse 
conductors; but the heated pins were longitudinal con- 
ductors. The proper length of these pins, to insure a con- 
tinued conduction of heat, is found to be about four inches ; 
a pin of this length having been observed to be so little 
affected by the test of experiment, that the smallest mark 
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prldch it originally bona was distinctly Tisible. Mr. Wil- 

s lately illustrated his invention, before the Liverpool 

kilytecliQic Society, by means of three evaporating' pans, 

fl of them having pins projecting into the boiler, and aha 

fito the flues, which hejcalled double conductors; the se- 

vdA, ivith pins projecting into the fluo only, called single 

jnductors; and the thb^, a plain boiler, on the usual plan, 

^tbout any such conductor. The first was found the most 

~il in producing speedy evaporation, though the second 

ta scarcely inferior; the third, or plain boiler, was greatly 

ind both the former in evaporating power. A gaa lamp 

8 affixed at one end of the double conducting pan, con- 

ning 221b3. of water, and the CTaporation appeared to be 

"With 30 feet of gas the evaporation was as follows: — 





Evaporati 


Common pan . 


4 lbs. U 


Single conductors . 


7 .. 13 




8 .. 5 



It will be observed, that the quantity of water evaporated 

^1 Is hi an inverse ratio to the waste heat of the ehinuiey. 

Ur. Durance, engineer of the Liverpool and Manchester 

Sulway, stated, that he had tried the conducting pins in 

the boiler of one of their stationary engines with great sue- 

He had only 105 pins driven into the boiler, and the 

m, which could not before be kept up, was now abun- 

—Railway Magazine, Oct. 30, 1841. 

72. Sdf-RegtUating Furnace.— It ia not compatible with ' 

Qja limits of a treatise of this kind, to enter into thi 

BaeroQs details connected with the construction of the va 

s' of furnace, grate, and ash-pit. But as the furnaiie, 

e the boiler, must be inccssautly^er^,- and as the method 

if ffeeding it by the hand is liable to the objection of admit- 

g cold air t0:the fuel, or may lead to the result, as I 

le of the boiler, of its not being fed at all, it is interesting 

'o know what has been done for the purpose of constructing 

k telf-regtUating furnace. A contrivance of this kind has 
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been inyented by Mr. William Brunton, of Birmingham, and 
it is the only one which has succeeded in practice ; its ad- 
vantages are set forth in his patent: — ** First; I 'put the 
coal upon the grate by small quantities, and, at very short 
intervals, say every two or three seconds. — Secondly; I so 
dispose of the coals upon the grate, that the smoke evolved 
must pass over that part of the grate upon which the coal is 
in full combustion, and is thereby consumed. — Thirdly; As 
the introduction of coal is uniform in short spaces of time, 
the introduction of air is also uniform, and requires no atten- 
tion from the fireman. 

* * As it respects economy : — First ; The coal is put upon the 
fire by an apparatus driven by the engine, and so contrived, 
that the quantity of coal is proportioned to the quantity of 
work which the engine is performing; and the quantity of 
air admitted to consume the smoke, is regulated in the same 
manner. — Secondly; The fire-door is never opened, excepting 
to clean the fire ; the boiler, of course, is not exposed to that 
continual irregularity of temperature which is unavoidable 
in the common furnace, and which is found exceedingly in- 
jurious to boilers. — Thirdly; The only attention required, is 
to fill the coal-receiver every two or three hours, and clean 
the fire when necessary. — Fourthly ; The coal is more com- 
pletely consumed than by the common furnace, as all the 
effect of what is termed stirring up the fire (by which no in- 
considerable quantity of coal is passed into the ash-pit) is 
attained without moving the coal upon the grate.'' 



RECAPITULATION. 



53. What are the essential parts of a higk^pressure en- 
gine? What are those of a /oti?-/?re«5«rc engine? By what 
other terms are these engines respectively designated? — 
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54. What is meant by combustion? How is the amount of 
heat, emitted by the combustion of any particular kind of 
fiiel, detennined? What is the average heat for the efiPective 
combustion of fuel? Enumerate the circumstances under 
which the due temperature for the combustion of fuel may 
be maintained.—^. What quantity of oxygen is required 
for the effective combustion of the different kinds of coal ? 
What quantity of oxygen exists in a given quantity of 
atmospheric airP What quantity of atmospheric air is re- 
quired to yield one pound of oxygen ? How much air and 
smoke are required for the conversion of one cubic foot of 
water into steam P-*-66. How may the elasticity of high- 
pressure steam be ascertained? What is meant by steam 
exerting a pressure equal to that of one pound on the square 
inchf How may the pressure of steam be estimated by 
reference to that of the atmosphere? What is meant by 
steam of two atmospheres? Is tiiere any other way of un- 
derstanding this expression? — 57. Explain the construction 
of the lever safety valve; and of a spring valve. How should 
the magnitude of the safety valve be determined?— 68. What 
is the object of the fusible metal plug? What are the ob- 
jections to its use? Why are alloys better adapted to the 
purpose ? What is the true value of the fusible plug, as a 
precautionary means? — 59. Explain the construction, and 
use, of the mercurial steam gauge. How is the amount of 
the pressure of steam indicated by this instrument? Upon 
what principle is the thermometer gauge employed? — 
60. What are the requisites in a boiler for the effective pro- 
duction of steam ? What extent of surface is required in a 
boiler to convert a cubic foot of water into steam in an 
hour? What is the estimated proportion of the bottom 
surface of a boiler for a given effect? — 61. What space for 
steam is usually allowed in a boiler? Under what circum- 
stances does the space vary? What space for water is 
usually allowed? By what circumstance should the admis- 
sion of water into a boiler be regulated? — 62. What is the 
objection to the spherical iovm of boiler? What modifica- 

87887'2' 
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tions of this fonn were introduceil ? — (33. Explain the fom 
of the Kiaggoa boiler. Describe the apparatus by whiclii 
is supplied with water, — 64. Describe tlie variety of cyMa 
boiler, in which the furnace is placed inside the bdk 
Describe the apparatus, in which the furnace is mUidti^' 
boiler. — 65. Explain the construction and economy eft 
tubular boiler. — 67. What excels of atrenglh is reqnired a 
a low- pressure, and in a high -pressure, boiler, for thepv- 
pose of safety 7 Enumerate some of the soiircea of dugs 
to which a boiler is eiposed.— 68. What are the iidvaala^ 
of copper and wrought iron boilers over those made of ori 
iroQp What are the comparative merits of copper udif 
wrought iron boilers? — 69. Explain the nature of the mil- 
lers deposited on the outside of marine boilers, — 70. Desoile 
the various contrivances which have been adopted for tt^ 
lating the supply of water to the boiler. — 71. Explain ih 
method adopted by Mr. Williams for increasing the BTBp»- 
rating power of boilers. By wliat exjieriment was his method 
illustrated? — 72. What are the advantages of Brunton'ft^ 
regulating furnace. 



mSTAlXlC PIST03.r 



worked in gear with all the Kxwviifssi.. » 2 
of driYing them all at onee. B^ im s-^i^ir^ 
screws maybe tamed, Hy mwT.i -ji-i-'n* uj- • >— 
one is furnished with a sqnaie heHC zic -..rr^ 
throug^h a hole in the cyfinder; the 2ft^ * «p' - 
metallic plate or coirer, whidi is faHamygt u^mt . . « 
and may be readily removed as oecaffiim auiv t»c 
apparatus has been farther ompliiietu jui u* . .^ 
principle. 
79. Metetliic PitUma. — In deeCTihunr .^ht^^^ ,: - 

it was observed (page 70), that the ^^^' • 

consisted in the snbstitation of a mtefu-^.,*- * ' * , 
ton. An olnricHis adrantage of u.^ «^i' - ^< 
nation of firiction; the average fr.-_--»x. . 
being one-eig^hth of the pressure u^^t - -. , - 
lowing figures represent a Tertieai, i^'- * - ^ 
of Cartwright's piston; on compar.i.^' — - 
it will be seen, that the part occ-jr--^ - - 
packed piston, is here occupied uj i~--- 
lower figure, or transverse sec- 
tion, the outermost ring repre- 
sents the cylinder. Two rings ^ 
of brass, each divided into three 
segments, a, a, a, conatitttte tiie 
outermost portion of the piston : m- 
these rings beingplaccd one over 
the other, only one of them cia- 
be seen in the trajoaverse t^-- 
tion, but both may be seei., u..- ^, 

signated by the same leuer.. 
the vertical aoctiom or ^, . 
figure. Two otber i^-^-- 

biaas, similarly divided .: 

ments, are applied xuxiuk - ^ ^ 

upon the innear aur-^^- ' . .1 in 

preceding rings, ti-^ 1' ^^i,,. 

their divisionbeixi^i*-- ,. . „i 
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74. Morlands Calcidatiom. — It has been staled (jiage'2^), 
that some calculations were made by Sir Samuel MoTlui 
as early as 1683, on the dimensiong of cylinders adapted is 
raising, by steam, a certain quantity of water to a 
height in a fixed time. On this subject, be obserrea;— 
"Water being conrerted into vapour by the force of fin 
these vapours shortly require a greater space (ahont 2( 
limes) than the water before occupied, and, sooner thubi 
constantly confined, would split a piece of cannon, 
being duly regulated according to the rules of statics, wi 
bysdence reduced to measure, weight, and balance, thentiuj 
bear their load peaceably (like good horses), and thus 1* 
come of great use to mankind, particularly for raising w; 
according to the following table, which shows the numba'ol 
pounds that may be raised 1800 times per hour, to a hdgbl 
of sis inches, by cylinders half filled witli water, as t 
the different diameters and depths of the swd eylindere." 
These statements are remarkable for the period in wliich 
they were made ; for they are not far from the truth. The 
following is the table: — 



Cjlinders. 
Diamcler in feet. Depth ii: 



Weight of the load to U 



12 



^ 75. Proportions of Cylinders.— The proportions of a cy- 

^^ Under bear an obvious relation to the extent of cooling nir- 
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pBorciaTiONS of cyliudebs. KLS 

oke of the jiistoo; and to tbe length of the itroke itijclf. 
le effect of a couling surface, is to iliminiEb the force of 
t steam. la Newcomen's engine, a. naked cylinder was 
iployed, and considerable logs of force nas entailed by \if 
poHiire to the atmosphere. In "Watt's engine, a remedy 
iS proposed ag'ainst tbia ioss, by enclosing the cylinder in 
outer case, called a jacket, the intervening space being 
led Tilth steini.* As the power of an engine \a groaleat 
»en the force of a given quantity of steam is at its inax- 
WiR effect, and as the cooling surface should be of as small 
tent as possible, it follows, that in determining the pro- 
stions of a cylinder, the object is to (ind the minimum 
tent of surface which will conSnea^ven quantity of steam 
tring its action. Upon this subject, Tredgold says, that 
when the length of the stroke i> twice the diameter of the 
itinder, a given quantity of steam is bounded by the least 
quantity of surface during its action in the cylinder ; 
inee I conclude it is the best proportion for the cylinder of 
steam engine, except when the space for the engine limits 
e length of the stroke ; and the same conclusion applies to 
ith itmosplieric and steam pressure engines." In other 
'words, a cylinder is of the best proportion when its lent/lh 
'» twice its diameler. This rule has, however, not been 
itrictly attended to in prattiee. The proportions observed 



■ Tredgald obecrveE, thu the lass of fuel by tliis mode is IhB 
same as wiih a naked oylinder, and that there is dearly no advantigB 
in preserving the force of llie Meam by adding this case, unless it 
be supplied with steam bj> a aeparato pipe: tbo drculatian of ibe 
steam betncen tbe tylinder ind the jacket, uxposos il to the cooling 
effect of the atmosphere, and thus reduces its elastic foroe before it 
enters the cjHiider to exert it? power, The loss in tow-presBUie 
engines is estimated st l-lOOth, whereas, rn high-pressure engines, 
working at 300°. the loss by a naked cylinder a only about l-6Sth 
part of tbe force o( tbe steam. He adds, that tbe beet mode of 
preventing loss, is to put a. case with an air-tigbl cavity between it 
and the cylinder, instead of (Uliog this case with steam ; tbe advaU' 
tages would be, economy of fuel, and reduced lempenitiure of tba ; 
engine room. 
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Fig, 44. 



circular valves are exhibited as raised, at v v, to admit of 
the passage of air and water upwards 
through the apertures a a. This ma- 
chinery is shown in the plate, page 40, 
at N; and, again, at the plate, page 60, 
at A; in these cases, however, the 
valves are represented as closed. The 
reader is referred to these plates, and to 
the accompanying description, in order 
that he may imderstand the precise ac- 
tion of this kind of valve. 

82. Conical Valves. — The conical valve consists of a flat 
circular plate of metal, having its rim bevelled and ground 
so as to fit in a conical seat or nozzle. Three of these valves 
maybe seen connected with the cylinder of Watt's single 
engine, at page 40; and four of them, in the double engine 
at page 60 ; some of these are represented as open, others as 
closed. The annexed figure exhibits 
an enlarged view of one of Watt's 
steam boxes, containing a conical 
valve V r, seated, like a plug, within 
the nozzle n; the steam, which en- 
ters from the boiler by the tube S, is 
thus prevented from entering the cy- 
linder. These valves and nozzles are 
sometimes made of brass; but are better when made of gun- 
metal. ** The diameter of the valve box should be to the 
greater diameter of the valve as 3 to 2 ; and the valve should 
not rise less than one-fourth of its greatest diameter when 
quite opei^; but both these proportions must be increased if 
the valve be out of the centre of the box. The best angle 
for the valve to fit in its seat is 45°, for the pressure is 
balanced by the reaction of the sides. With less taper, the 
valve has a tendency to set fast; with greater, it occupies 
more space. When the conical valve exceeds five or six 
inches in diameter, it requires great power to open it against 
the pressure of the steam, and is therefore inconvenient."— 




Fig, 45. 



mxtbbat's slide. hi 

•edgolil.) These valTSB are also called spindie vfilves, 
1 their being furnished with a round spindle or axis 
ch passes perpendicularly through their centre, projects 
dther side, and plays in holes ahove and below the Talve, 
:tlie purpose uf securing its regular fail into its seat. The 
■die is represented in the aliove figure. These valves are 
I called puppet elacka, and button valves. 
IS. Spherical Valve. — From the conical, the transition h 
Y to the spherical valve. In this form of valve, the seat 
aozile represents a portion of a sphere; the valve itaell' 
jr be also a portion of a sphere, or an entire sphere. A 
re of this kind is represented in 
: adjoined cut; it has been re- 
Dmended, as a safety valve, to 
rveut the danger of adhering in 

I boilers of steam vessels. The 
Te e is of a hembpherical form, 
ring its convex surface directed 
iniward, with a weight W de- 
iding from it into the boiler B. 
was supposed, that such a valve p,-. ^g_ 
uld move in its seat, so as to 

wmmodate itself to the rocking of the vessel, and thus re- 
on steam-tight, without danger of being fixed. This form 
Talve is termed a cup viiloe. 

84. Murray'B Slide. — Sliding valves are those which do 
rise from, and fall into, their seat, like the three pre- 
kjnds, but slide on and off their apertures; hence, 
e commonly called slides. The advantage of a slide 

II be readily seen by comparing its mode of action with 
Lt of the valves abeady described. In Watt's double en- 

De, the cylinder is worked by four conical valves, which 
'em four passages, and require four levers for the per- 
of their reciprocating motions. In modem engines, 
B steam [lassages are opened and closed by the action of a 
igle slide. There are various kinds of slide employed in 
rter works, gas works, and steani engines, but the prin- 
iple is the same in all. The following' figures represent 
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^S 



the slide applied by Murray, in 1799, to the steam engine. 

In ^. 47, the steam passages are 

represented as all terminating in a 

steam-tight case A B, which is fixed 

to the left side of the cylinder. 

The steam enters from the boiler 

at S, and passes through G, in the 

direction of the arrow, to the top 

of the cylinder; while the steam 

from the bottom of the cylinder 

passes through H, in the direction 

of the arrows, into the condenser at 

C. In the following figure, the 

condition of these passages is ex- 
actly reversed; and this is effected by 

the small reciprocating motion of a 

slide. In each figure, E D repre- 
sents a rod, which moves steam- 
tight, through a stuffing-box, in the 
steam case AB; the rod is fastened 
at its upper extremity to the slide 
F. In fig. 47, the slide is down, 
and the steam rushes to the top, 
and from the bottom, of the cylin- 
der, as above described. In fig. 
48, the slide is up, and the steam 
rushes through H, in the direction 
of the arrow, to the bottom of the 
cylinder, while the steam at the top 
of the cylinder rushes at the same 
time through G, in the direction of 
the arrow, into the condenser. By 
this simple and admirable contri- 
vance, the office of four valves is 
performed by means of a single 
slide. The friction of the sliding 
sur&ces is obviously considerable, 
o?dng to the great pressure of the 
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steam from the boiler on the convex surface of the slide, and 
the little counter pressure of the at«am, u it panes to the 
condeDser, on the concave aurface. To obviate this diffi- 
culty, and secure the surfaces from injury by wear, it in 
necessary, first, to make the sliding surfaces as large as may 
be convenient, and, secondly, to construct them of durable 
material. For steam vessels, gnn metal is employed for 
this purpose; in other cases, in which saltwater is not used, 
the sliding parts may be made of hardened steel. 

85. Murdoch's Slide. — In the preceding figures, it has 
been seen, that the ateam, in its course to the cylinder, is 
conveyed through passages H and I, of great length; hence, 
[here is a wasle of steam. This objection would be removed, 
if the inlets to the cylinder were situated close to the steam 
tube. With this view, an improved form of slide, by which 
the waste of steam is prevented, was introduced by Mur- 
dock, and has been applied to Watt's engines, and to the 
more recent steam vessels of Maudsley. A simple idea of 
this apparatus may be derived from the two following 
SgDTes, in which the cylinder and the slide are shown, 
separately. Fig. 49, represents the cylinder, with its steam- 
tight case AB, and the aper- 
ture C for admitting steam 
from the boiler; by this con- 
trivance, the strong steam 
rushes into the top and bot- 
tom of the cylinder, without 
passing through long pas- 
sages, as in the preceding 
apparatus. Fig. 50, repre- 
sents the slide, the upper 
and lower parts of which 
are of a semicylindrical 
form ; to each of these parts 
a flat plate is fiied, so that i 
at its upper 
bling the letter Dj hence, this slide is termed the V-slide 




i 

Fig.bO. 
n of the slide 
lower part, would present a figure r 



Fig. *'i. 
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valve. Let the slide now be snpposed to be placed in the 
Bteam case, with iti flat plates towards the cylinder; it is 
obvious, that b; sliding up and down, the fiat plates will 
open or dose the passages leading into the cylinder. 

In the follovring figure, the slide is shown in litu. A B 
is the steam ease; a b Tepresents a vertical section of the 
slide, with a channel p pasmg longitadinall; through it; 
£ is the rod, which passes throngfa a stuffing-box A, and 
moves the slide np and down. S b the month of the steam 
tube, leading from the boiler; 
C is the pipe leading to the 
condenser; A A is a hollow 
space produced by the ca'rity 

of the slide, commnnicating 

above and below with the ey- 

Under; and always flUed with 

strong steam. In the figure, 

the slide u up ; the steam, 

therefore, rushes through ( to 

the top of the cylinder, and is 

cut ofi' front the bottom ; the 

steam from the bottom of the 

cylinder mshea at the same 

time through d, up the channel 

p, and escapes into the con- 
denser by C. When the slide 

it dotDa, the condition of the 

passages is reversed: steam 

will rush into the lower part of 

the cylinder through d, which 

will now communicate with 

the space A A ; while the steam 

at the upper part of the cy- 
linder will rush through (, 

which will then be in close j-^_ gj^ 

commnnication with C, and 

escape to the condenser. In this apparatus, the pressure of 
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e Bteam in tlie space h k bas a. tendencf to force tbe slide 

Bckward, and thus impair the contiguity of tlie Eliding sur- 

i this effect is guaniud against by tbe pitcl<.iDg a s at 

le back of the slide. Id engioes with a. long stroke, two 

leparate slides are used, tbe one for tbe upper, the other for 

Bthe lower, part of tbe cylinder; but they are both worked 

1. Seawarrfs Slides. — In 1835, a patent was obtained 
by Mr. Samnel Seaward, for an improved form of slides, 
which are capable of being so adjusted as to cut off the 
steam at any part of the stroke, and thus to work the steam 
expaniivelg. Several of the Govemnient, Hull, RamEgate, 
and Gruvesend packets are fitted with these glides. A sec- 
tion of a cylinder provided with Seaward's slides is repre- 
sented in the foUowing figure. I. On l/ie left of the cg- 
linder, steam is supplied from the boiler by the tube A, 
irhich communicates with the upper part of the cylinder by 
the passage S, and with the lower part by the passage S'. 
These passages are formed through metallic nozzles cs^ 
upon the side of tbe cylitider ; on each of tbe i 
plied a plate of metal, having a smooth surface presented 
towards the steam tube. Upon 
these surfaces, two Hat slide 
valves B B', also with smooth 
surfaces, are caused to move, 
either both together, or sepa- 
rately; the slides are attached 
freely by knuckle-joints to short 
rods E E', which move up- 
irard and downward through 
Btufflng-boxcs. The action of 
these slides is such, tliat, while 
they are continually pressed 
[ jdosely upon the surlitces on which they sUde by the force 
) of the steam, they are capable of being lifted off these 
I surfaces by any undue pressure from within the cylinder, 
■ iing from accumulation of water within it. 2. On the 




Fig. 52. 



116 THEOTTLE VALVE. 

right of the cylinder^ two similar slide valves, b b\ regu- 
late the discharge of steam from the cylinder through the 
passages C C*, which communicate with a tuhe G, leading 
to the condenser. In small douhle acting engines, these 
passages are sometimes hrought sufficiently close to each 
other, to he capahle of heing regulated hy a single slide, 
moving upon both apertures. These four slides may be 
moved separately; the steam may thus be cut off by the 
slide B, at any portion of the stroke of the piston, and thus 
worked expansively^ without interfering with the motions 
of the other slides ; yet they may all be worked by one 
apparatus, that of the eccentric, which will be presently 
described. From this account, it appears that these slides 
combine several advantages : they are perfectly steam-tight, 
with the least possible friction ; they require no packing ; 
any one of them may be worked independently of the others; 
and they are so constructed, that any water which may be 
accumulated in the cylinder, is driven through them into 
the steam tube, and carried back to the boiler. 

87. Throttle Valve, — The valves and slides already de- 
scribed have a reciprocating motion. There are other kinds 
of valve, which have a rotary motion, or revolve on an axis» 
One of these is the throttle valve; its action is that of the 
floodgate of a mill; its purpose is to regulate the power of a 
steam engine^ by increasing or diminishing the area of the 
steam tube, and thus to increase or diminish the amount of 
steam supplied to the cylinder. A valve of this kind is re- 
presented in fig. 21, page 59. It consists of a circular plate 
of metal v, fixed on an axis within the steam tube, and it is 
turned in either direction by a series of levers, p, so as to be 
capable of obstructing, wholly or partially, the passage of 
the steam ; if turned edgewise, it permits the steam to pass, 
as in the figure referred to; but, if turned transversely, it 
forms a diaphragm across the tube, and prevents the passage 
of the steam. This kind of valve is very useful in cases in 
which perfect tightness is not indispensable. Tredgold ob- 
serves, that an axis valve of this kind has much advantage 
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T a. valve of any other form for a. circnliir pipe, because it 
i the aperture nitbout being difficult to move. 
"Titiig more than the nec«saary obstruction; but it is 

an economical mode of varying the power of the 
a engine. The throttle valve was connected nith the 
n the engine of Watt. 
j, 88. Conical Values or Coeks. — The use of a coranion cock, 
B opening and closing a pipe, is familiar to every one. The 
mplest form of this kiud of valve, or single cock, consists 
a a plug of a nearly cylindrical shape, inserted into a hole 
if corresponding form and dimensions in a tube ; the plug ia 
ofoiated by a large hole, a^ in &g, 53, and is turned by a 



fig- 6^■ 



Fig. 55. 



Jltandle ontside the tnbe. It is obvious, that nhen the per- 
fbration of the plug is in the same direction us the cavity of 
[- the tube, as in fig. 54, the steam is permitted to pa£i 
through the cock; and that, when the cock is turned, bo as 
to present the perforation of the plug at right angles to the 
axis of the tube, as in fig. 55, the steam is entirely cut off. 
In the single cock, Che plug should not deviate much from 
the cylindrical form ; the usual reduction of its diameter ii j 
sbont one-sixth of the length. 

89. Four-passaged Cock. — A contrivance, founded oi 
principle of the common cock, has been adapted for putting 
Jimr paatagei in commimication with each other, alternately 
by purs. This is termed the four-passaged cock: it hai 
been flgored and described in Leupold's engine, page SI, in 
which it forms communications between the boiler, twi 
liitders, and the external air. By means of the following 
figures, it will be seen, that communications may be esta- 
blished, by an apparatus of this kind, alternately from the t 



118 T0iriUPAB9AGED COCK. 

boiler and condeoaer, with tlie top and the bottom of > ^- 
lioder; and that these communications are effected bjinaeim 
of two passages, instead of four. In fig. 56, a circular nw- 
tallic plate is represented, traversed hy two curved paasaga, 
tlie one communicatiag with the steam lube S aud the lop 
of the cylinder hj A, the other with the tube E leading t» 
the condenser and the hottom of the cylinder by B; Ibe 
handle which turns the cock is seen at H; tbe dotted rnne 
shows the direction in which it is to be turned. In fig, SI, 




Fig. 56. Fig. 57. 

the handle has been pushed down in this direction, and tbt 
e reversed. The sanie letters denote tbe 
in the preceding figure; it foUows, thai 
the steam tube S now communicates witli the bottom of the 
cylinder by B, while the top of the cylinder communicate* 
throogh A with the condenser by E. On the subject of the 
four-passagodcock.Tredgold observes, that " the simpUdtJ 
o,f its action in some degree eompensates for its friction, bnt 
there is the disadvantage of part of the steam being lost in 
tbe pipes at each stroke. Its form should be nearly eylio- 
drical, otherwise its friction and tendency to wear unequallj 
will be increased. When it is ground to fit truly, the pres- 
■8 of the steam tends to keep the surfaces in contact, tod 
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and so allows full effect to the entering stea.ni, and fiiD 
clearauee to that escaping. Various kinds of mechaoiim 
liave been more recently adopti-J for this purpose; but the 
apparatus most commonly in use in modem double acttn; 
eo^es, is that uf the ecceiUrta and the action of thit 
machinery depends on the revolving motion of some pari ii( 
the engine, as the fly-wheel. This conetruction, and mode 
of actloQ of the eccentrii;, may he understood by means of 
the following figure. A section of the shaft uf the fl;-irtied 




is shown at N ; this is made to revolve by means of ths 
crank of the en^ne. On this shaft or axis is fixed a wheel 
A, which revolves with it, but its motion is eccentric to it— 
that is, the centre o of the wheel does not coincide vrith tbe 
centre of tlie shaft, as is evident from mere inspection of the 
figure; and, hence, the centre o of the wheel moves ronnd 
the axis of the shaft. The distance of the centre of the 
wheel from that of the shall constitutes the amount of 
eccentricity, and this amount is equal to one half of the 
range of motion of the valves which are to be worked hj 
this meohanism. The eccentric is encircled by a ring of 
metal m, which admits of the wheel revolving within it; 
this outer ring is attached the arm i, which works t 
oeatre, and which, by means of a Bories of other a 
levers k, is connected with the opening and dosing 6t% 
valves. The sum of this action consists in the coaverdcm^ 
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the rotatory motion of the fly-wheel shaft, into an alternate 
vertical motion of the Talve-rod/. The advantage of an 
eccentric wheel is found in its smooth and nnintermitting 
motion, producing the required changes without the per« 
petual recurrence of a stroke. In large engines, the pressure 
of the eccentric upon the shaft, is balanced by a weight. 

91. Condenser Gauge, — There are two circumstances 
which determine the effective modons of the piston : one of 
these is the direct pressure of the steam from the boiler ; 
the other is the resistance of the steam in the condenser. 
It is important to he enabled to ascertain the relative condi* 
tion of these two antagonising agents. The pressure of the 
steam from the boiler is denoted by the steam gauge, already 
described (p. 81). But a certain quantity of nncondensed 
vapour, arising from the hot water in the condenser, resists 
the action of the piston, previously to its being withdrawn 
by the air-pump. The force of this vapour is ascertained by 
the condenser gauge, an instrument which u represented in 
the annexed figure. It consists of a glass tube 
A B, upwards of thirty inches in length, and 
open at both ends, the upper end communica- 
ting with the condenser C, the lower end being 
immersed in a cistern of mercury D. The 
weight of the atmosphere pressing on the sur- 
face of the mercury in the cistern, forces this 
liquid up the tube ; the length of the column 
thus supported in the tube indicates the dif- 
ference between the pressure of the atmosphere, 
and that of the vapour in the condenser. On 
comparing this column of mercury with that of 
the common barometer, we are enabled to as- 
certain the force of the vapour in the condenser, 
every two inches of difference in the columns being equiva- 
lent to a force of nearly one pound on the square inch (see 
p. 9). Tredgold states that the condenser gauge .should indi- 
cate the state of the vapour in the condenser, to be capable 
of sustaining from two to three inches of mercury ; that, 
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while it does not exceed three inches, the condensaUon m^ 
be esteemed very good, and that about two inches isthebol 
he has seen ohtained ia prantice. Tlie force by which tU 
motion of the piston ia detemuoed, is, therefore, asccrtuael 
by reference to the Bteain gauge, and the condenser gangt; 
the difference between the elastic force of the a 
boiler, and that in the condenser, added to the height of tk 
barometer at the time, will indicate tlie relative force of tl» 
steam to work the engine. From the resemblance of the cm- 
denser gauge to the common barometer, it is freqneiitlj 
called the barometer gauge. 

92. The /ndieofor.— But the force of the steam in lhe«J- 
Under, and the state of exhaustion in the condenser, ^ 
different portions of the stroke of the engine, and these fUi- 
ations cannot be ascertained by means of the two gauga 
already described; the mercurial column would b 
by constant vibrations, corresponding with these variatiaai, 
and it would he impossible to ascertaia its i 
during the stroke. To obviate these difficulties. Watt em- 
ployed an instrument called an indicator. It 
consists of a cylinder C uf about an inch and 
three quarters in diameter, and eight inches in ■_ 
length, of very uniform calibre; it termi- 
nates below in a pipe, to which a small 
cock D is adjusted. A solid pi.iton is accu- 
rately fitted to the cylinder, so as to move 
steani'tiglLt within, by the means of oil ; 
the piston-rod G is about five-eighths of 
an inch in diameter, and sixteen inches in 
length ; to prevent any jar or friction, the 
rod is mode to pass through a guide, II, at a 
distance of about six inches from the top of the 
cylinder; the upper part of the piston-rod 
forms an index, M, which moves upon a gra- . 
duated scale, K. A spiral spring, I, is at- 
tached to the piston, and to the guide H; itia 
about seven inches in length when at rest, and "S* ™' 
admits of being compreaaed wi\ncl\ao4ah»lf ; J 
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its strength is sneh as to admit of the piston heing carried 
doim to within about an inch of the bottom of the cylinder, 
-when loaded with fifteen pounds on the square inch. This in- 
strument is screwed upon the steam cylinder of the engbe, 
and a communication is thus efiTeeted between the upper part 
of the steam cylinder, and the lower part of the indicator cy • 
linder. The steam on being admitted into the former cy- 
linder, rushes into the latter, and, if its force be greater 
than that of the atmosphere, the indicator piston rises, and 
its index marks the degree of pressure on the affixed scale ; 
Bs the steam piston descends, the indicator piston varies its 
position with the varying pressure of the steam in the steam 
cylinder, and these variations wUl be indicated on the scale. 
By substituting a pencil for the index, and placing a sheet 
of paper so as to move horizontally, these variations may be 
recorded on the paper in the form of curved lines. A dia- 
gram of this kind, showing the practical application of the 
Indicator to ascertain the effective power of a steam engine, 
as given by Mr. Glynn, may be seen in the appendix to 
Tredgold, p. 169 ; it is a fac-simile of that traced by the 
instrument. Mr. Glynn observes that the indicator shows 
not only the relative action of the vacuum and pressure of 
the steam upon the piston of an engine, but their absolute 
force and efi^ect ; it shows how much of that force is taken 
to overcome the friction of the machine, and produce the 
change of motion in its parts, and how much is available for 
useful purposes ; it exhibits, if we may so say, the disposa- 
ble force of the steam eng^e, and the perfection or imper- 
fection of its construction or condition at the time of making 
the trials. 



BECAPITVLATION. 



75. By what circumstances are the proportions of a steam 
cylinder regulated f YThat relation should the length of the 
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cylinder bear to its diameter? Explain Tredgold's plan fijr 
preventing tlie cooling efieet of the atmosphere on cylinder t 
— 76. What two conditions are indispensable in the con- 
strnction of a piston ? Wliat is meant by a stujffing-boit— 
77. Explain the construcCion of the hemp-packed piiton 
What is the amomit of friction produced by the action of 
such a piston?^78. Deaeribe WoolTa contrivance 
tightening the packing of the piston. — 79, What improw- 
ment was introduced in the construction of the^pIsNn 
by CartwrightP Explain the general construction of a me- 
tallic piston, — 80. What is a valve? How may the valTei 
employed in steam engines be arranged P On what does tie 
efficiency of a valve depend P — 81. What ia the conatmetjon 
of the common clack valve f In what parts of the steai 
gine is it found ? In what part of the engine ia the doaiit 
clack valve found P At what degree of inclination sbontd 
the clack valve open P — 62. How is the conical ra/ue formed! 
In what part of Watt's engines are they found ? "What in 
the proper dimensions of this valve ? At what angle ahouU 
it fit in its seat? — 83. Explain the construction of Ibe 
spherical valve. — 84. What is the nature of a slide t Wlal 
advantage lioea the use of a alide possess over that of rising 
valves ? Explain the construction and operation of Mar- , 
rag's slide. How are the effects of friction obviated in llul 
fi>rm of slide? — 8.5. What is the objection to Murray's slide? 
How is this objection obviated by Murdoch's slide f Ex- 
plain the construction and operatiun of this slide. — 86. Ex- 
plain generaUy the construction oi Seaward' s slides? Whal 
are the advantages of this apparatus? — 87. Explain ihe 
nature of a throttle valve. — 88. Explain the mechaaum o( 
the single cock. — 89. What is the object of the four-pas- 
saged cock * How is it modified in eTpansive eng^es f — 
90. Bywhat mechanism were the valves formerly opened and 
closed ? Describe the construction and the action of tht 
eccentric. — 9 1 . Explain the nature of the condenser gauge. 
— 92. In what respects are the steam and condenaer gsnge 
defective? Describe the use of the indicator. ^^m 
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CHAPTER VIII. 

OF THE MECHANICAL POWER OF STEAM, AND OF 
THE POWEB AND DUTT OF ENGINES. 

93. Preliminary Hemarks.^ln the two foregoing chap- 
ters, the yarious parts of the modem steam engine have been 
severally examined, preparatory to the consideration of their 
combined action and relation to each other in the entire 
machine. The present chapter will he devoted to the inves- 
tigation of certain laws by which the mechanical action of 
steam is determined or modified ; to the modes of obtaining 
the different species of power of steam to produce useful 
effect, as by generation, condensation, expansion ; and to 
the explanation of some important expressions connectea 
vnth the power and duty of steam engines. These subjects 
will be noticed in the following order : — 

1 . Relations existing between the 

1. Pressure, 

2. Temperature, and 

3. Density of Steam. 

2. Modes of obtaining Power from Steam, 

3. Mechanical effect of Steam Engines, 

1 . Theory ofM. de Pambour. 

2. Power of engines ; horsepower, 

3. Duty of engines, 

4. Cornish engines. 
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94. Relation between the Pressurej Temperature^ and 
Density, of Steam, — Steam may exist in two conditions : 
it may be in contact with the water from which it is gene- 
rated ; or it may be separated, and exist apart, ftom the 
water. The properties which steam exhibits in these two 
conditions are Tery distinct. This subject has been already 
noticed (pp. 10,77) ; some further observations are, how- 
ever, necessary, in order to understand the general laws 
which regulate the mechanical effects of steam, and the value 
of certain expressions which are in common use in all ealcn- 
lations of steam power. The first point to be considered is, 
the pressure of steam as influenced by temperature. By the 
term ' pressure,* or tension, is denoted the elastic force with 
which steam presses upon every point of the surface of the 
vessel which contains it; its ' temperature* is ascertained by 
the number of degrees indicated by a thermometer immei^g^ 
in it. Steam, when heated in a vessel apart firom the liquid 
which generates it, does not acquire a greater pressure than 
an equal bulk of common air which is confined and heated to 
the same degree ; it may even be heated to redness, without 
greatly increasing its pressure. But, when heated in contact 
with water, its pressure continually increases, and in a cer- 
tain ratio. Numerous experiments have been instituted by 
celebrated chemists, in order to determine the relation which 
subsists between the pressure of steam, still in contact with 
water, and the temperature to which it is exposed. The 
most satisfactory results are those obtained by a commission 
of the French Academy, appointed by the French govern- 
ment to investigate the subject, owing to its importance in 
coi^nexion with the steam engine. The researches were con- 
ducted on a vast scale, and with the greatest accuracy. The 
pressure of the steam was measured by columns of mercury 
in glass tubes of eighty-seven feet in height. The results 
are stated below in the form of a table, for the purpose of 
reference. The pressure of the steam is referred to the 
standard of atmospheric pressiure, or fifteen pounds on the 
square inch, which is here assumed as unity ; the tempera- 



128 APPLICATION OF THE PBEGEBIKO LAW. 

remaining the same. Thus, if 100 volumes of steam, at 
212°, could be compressed into 50 volumes, and the tempe- 
rature remain unaltered, the pressure would be increased in 
a twofold proportion, while the bulk of the steam would be 
reduced to half its former dimensions. If, on the other hand, 
the pressure on the 100 yolumes of steam were halved instead 
of doubled, the 100 volumes would expand into 200, while 
the pressure would be reduced to half its former amount. 

95. Application of the preceding Law. — The preceding 
law would be applicable to steam, if the annexed condition 
could be observed, viz. if the temperature were constant. 
But this is not the case : the temperature of the steam varies 
with its expansion or compression. In proof of this may be 
adduced the result of a series of experiments, instituted by 
the Comte de Pambour. He adapted to the boiler of a loco- 
motive engine a thermometer and an air-gauge, and applied 
two similar instruments to the pipe through which the steam, 
after having terminated its action in the engine, escaped into 
the atmosphere, and observed their simultaneous indications. 
*' The steam was generated in the boiler at a total pressure 
varying from 40 lbs. to 65 lbs. per square inch, and escaped 
into the atmosphere at a pressure varying, according to dif- 
ferent circumstances, from 20 lbs. to 15 lbs. per square inch. 
Had the steam preserved its temperature during its action 
in the engine, it would have issued forth with the pressure, 
for instance, of 15 lbs. per square inch, but with the tem- 
perature proper to the pressure at which it had been formed, 
that is, 65 lbs. per square inch. Now, nothing like this took 
place : during some hundreds of experiments wherein we 
observed and registered these effects, we found invariably 
that the steam escaped precisely with the temperature suit- 
able to its actual pressure ; so that' the thermometer, gradu- 
ated to indicate the pressure in the steam of maximum density, 
gave identically the same degree of pressure as the air-gauge. 
The steam, then, was generated in the boiler at a very high 
pressure, and quitted the engine at a very low one ; but, on 
its leaving the engine, as well as at the moment of its pro- 
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duction, the steam was at die same temperatm*e that it would 
have had, if immediately formed at the pressure which it 
had at the moment of ohservation. Consequently, we are 
to conclude from these experiments, that during^ its whole 
action in the eng^e, the steam remains in the state of steam 
at the maximum pressure or density for its temperature. 
Hence it results that, when the pressure of the steam changes 
in the eaagme, its temperature changes spontaneously at the 
same time, and vice versa ; so that they always preserve the 
mutual relation which connects the pressures and tempera- 
tures in the steam in contact with the generating liquid.'** 
In calculating the mechanical effect of an engine, it is there- 
fore necessary to take into account the operation of the two 
following laws : — ^first, that, the temperature heing constant, 
the pressure of steam is proportional to its density ; and, 
secondly, that, the temperature being changed, there is 
a corresponding change of pressure, and consequently a 
change in its mechanical effect. 

96. Modes of obtaining Power from Steam. — It has heen 
shown, in the foregoing chapters, that there are various 
modes of employing steam ; its mechanical effect varies with 
its different modes of employment. 1 . When steam is gene- 
rated at 212°, or at the atmospheric pressure, it is evident 
that no power is obtained : the weight of the atmosphere is 
merely balanced. This will be evident, by referring to the 
figure at page 14 ; if steam of merely atmospheric pressure 
be generated beneath the piston, it has no power to raise the 
piston ; it merely places it in a passive eonditfon, and a 
counter weight is employed to produce us^ul effect. *2, When 
steam is condensed^ as in the atmospheric engine (\k U7}, 
mechanical force is obtained ; but in this case it is obt*im*d 
by giving effect to a foreign agent : a vacuum is produ<.< <i 
by the condensation of steam, and the piston descends undar 
the pressure of the atmosphere. 3. In the single tusUiig en 
gine (p. 40), one half of the stroke is effected by the dii.i.t 
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pressure of the steam aboye, aided by a Yacanm benealJi, the 
piston ; die piston is then placed in a state of repose by the 
admission of steam below as well as above it, and the oflier 
half of the stroke is effected by means of a coonter- weight. 
4. In the double acting engine (p. 60), each part of the stroke 
is effected by the direct pressnre of the steam, aided in eadi 
case by the production of a Tacuum. 5. I^ in addition to 
the atmospheric pressure, a load be placed upon the piston, 
and steam be generated beneath it, the loaded piston will be 
raised to a height proportionably smaller as the load is greater 
(^. p. 65), and the volume of Ihe steam will be inyersdy 
as the resisting pressures, the temperature being constant, 
according to the law above stated ; thus, if the reastin^ 
pressures be four times that of the atmosphere, the piston 
will be raised only one-fourth of the height, and so on. On 
the other hand, when this steam is condensed, the piston 
descends with fourfold force. Thus, whether the steam be 
generated at merely the atmospheric, or at a higher pressure^ 
the effect obtained by its generation and by its condensation, 
is the same at the same temperature. 6. In a common kiffh^ 
pressure engine, the steam, after raising the piston, is dis- 
charged through a valve into the air, and the power gained 
in the preceding case by condensation is lost ; and this kns 
is equal to the pressure of the atmosphere acting on the piston 
throughout its descent. 7. By another mode of obtaining 
power, already described (p. 65), the usual effect of a given 
quantity of steam in raising a piston is first secured ; the 
steam is then cut off, and suffered to expand until it is re- 
duced to the elastic pressure of the atmosphere ; an addi- 
tional effect is thus obtained in one part of the stroke, while 
none is lost in the other, for the condensation of the steam 
produces the same effect as if it had been generated of atmo- 
spheric pressure at first. This mode of employing steam 
combines the principles of the high-pressure, and of the con- 
densing, engine, and secures their joint effects ; when steam 
of very high pressure is employed, and its supply cut off 
early in the stroke, its effect is nearly doubled. There are 
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otber modes of gaiDiag power by the expaiuive axition of 
steam, aa b; removing the load, whollj or in part, when the 
steam is cut aS; or by removing portions of the bad at dif- 
ferent parta of the stroke ; or. lastly, by adding counter- 
weights during the ascent, and removing them during the 
descent, of the piston, as in the expansive eng^es of Walt 
and Hornblower, already described. 

97. Mechanical Effect of Engines. — In determining the 
mechanical effect of engines, a distinction mast be made 
between the total effect, and tlio uscjvl effect i in other 
words, between the pressure of the steam in the boiler, and 
the power of the steam in overcoming tiie resistance, or load, 
of the engine. There are several circumstances which reduce 
the effect of the steam, during its traQsmiagion through the 
; tliese are, tlie friction of the engine itself; and the 
la of power resulting from the waste of steam,* its partial 
mdensation, its passage through narrow tubes, its change 
t durection in the tubes, &c. The lose of effect produced 
f these causes, in a non-condeoslng engine, was computed 
f Tredgold at four-tenths, including the atmospheric pres 
, which would make a reduction of five-tenths on the 
fill effect of such an engine. How far this estimate was 
rrect with reference lo the engines on which Tredgold 
ff^perimented, we are unable to say ; but it very much ex- 
H aggerates the loss of effect in engines of more modem con- 
lAtructioa and capabilities. Tredgold's mode of calculation 
jbu been recently attacked by M. de Pambour, who proposes 
tnother theory for estimating the effects of steam engines. 
^ there appears to be a difference of opinion respecting the 
t novelty' of tliis theory, it is stated in the following para- 
raphs in the words of M. de Pambour himself, taken from 
jtlie work already quoted. 



rr 



obvious that there will 
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98. Theort) of M. de Pambour.— hi utatiiig this tha 
M. de Pambour supposes the Bteam to preeerre the si 
temperature throughout its station in the engine, limiting 
hioiEelf to rotative eogineB withuut expansion, and lakiirg 
his basis oD the coDsideration merely of the unifon 
which the engine necessarily attains after a very short Une. 
" It 13 well known that in every mathino, the effort of tie 
moTer first being superior to the resistance, a sloir n 
is produced, which accelerates gradually till the machiiK 
attains a certain velocity which it does not surpass, the id 
being incapable of sustaining a greater velocity with tltt 
mass it has to move ; the machine having once attained tiot 
point, wliich requires but a very little time, the velocity con- 
tinues the same, and the motion Temains uniform during tbt 
rest of tlie work. It is but from this moment, viz. the cam- 
mencement of uniform motion, that the effects of maduRi 
begin to be calculated ; and the few minutes during wlodl 
the velocity regulates itself, or the transitory effects &wi 
the velocitynull to uniform velocity, are always negrlected. 

" Now in every machine which has attained a unBbrni 
motion, thepower i» stnctlj in equihbrio with the re^EtaDce; 
for were it greater or le b there would be accelerotioB K 
retardation of motion which is not the case. In a steun 
eiig:ine, the force applied by the mover is no other than t)>c 
pressure of the steam ajainct the piston or in the cylaidtr- 
Tliia pressure then m the cylinder, is strictly cjual to 1J» 
resistance opposed by the load against the {nston. 

" Consequently, the steam in passing from the boiler. bio 
the cylinder changes its pressure, assuming that which 
represents the resistance to the piston. This principle, of 
itself, explains all the theory of the steam engine, and in t 
manner lays its play open. 

" It becomes, in fact, easy to render an account of what 
passes in a sieam engine set in motion. The steum conflDed 
in the boiler, at a certain degree of pressure, as soon as the 
r^ulator or distributing- cock is open, rushes into the steam 
pipes, and from thence into the cylinders. Arriving ii 
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'linder, -whose area is much greater tbsn that of the pipes, 
be steam dilates at first, losing proportioQallj a part of iti 
8St:c force ; but as the pistoo is as ^et immoveable, and ax 
le steam contiaues to flow in rapidly, the balamie of preH- 
ire ie soon established between the two Teasels; and the 
^ton, urg^d by all the force of tlie Eteam, begins slowly to 
'WOTe. The Sy-wheei of the engine, its entire machiaery, 
idtheresistanceopposed toil, begin then to acquire a small 
>locit7, which accelerates by insensible degrees ; and if at 
le end of the stroke of the piston, the coming Tapour wi^re 
iddenly withheld, the piston would not stop instantaneously 
) that account ; it would itself be impelled for some time 
f the effect of the velocity previously communicated to the 
The result of this is, that at the following stroke, the 
finds the piston already slowly receding, at the mo- 
C impresses thereon a new quantity of motion ; which 
passes on to the fly-wheel, and to the total mass, 
'here it conCiaues to accumulate. Receiving thus, at every 
ike, a new impulse, the piston accelerates its motion by 
and, at length, aciiuires all the velocity the motive 
irer is capable of communicating to it. 
"During all this time the steam continues to be generated 
in the boiler with the same rapidity, and to flow into the 
cylinder, but as the piston acquires a quicker motion and 
developea a greater volume before the steam, the lallfir dilates, 
assuming a lower pressure, till at length, the piston having 
assumed all the velocity that the steam can impress upon it, 
«ith the load that it supports, the pressure of the steam in 
tbecylinderbecomesequal to the resistance of the piston, and 
the motion remains in a state of uniformity." — Pp. 19—3 

99. Power of Engines: Horse Power.— The 'useful effect' 
of an engine being determined, its amount is usually expressed 
by reference to some standard of comparison. It has been 
stated (p. 47j that the earliest engines were merely pumps, 
worked by steam, instead of by 'horses.' The poieer 
an engine would, therefore, bo naturally eipreased by co 
paring its performance with the work usually done by < 
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or more horses : and, hence, on engine Ib said to be of one « 
more, horse power. Some difference of opinion has exUtcd 
as to the amount of work which a horse is able to perfon 
but thiaig of little consequence, as t)ie term has now become 
conventional, and the atandard of power recognised by the 
manufacturers of engines. It has been decided that the 
power of an average horse, working eight hours a daj 
equal to 33,000 lbs. raised one foot per minute ; when an 
engine, therefore, is said to be of one horse power, the ex- 
pression means that the engine is capable of mofing suebi 
load through a space of one foot per minute ; for eveiy 
extra horse, au equal cumber of poniida is supposed tob« 
added to the resistance of the engine. In one of Smeaton'i 
engines, the diameter of the cylinder was eighteen moh«, 
its surface 824 circular inches, and he estimated its poweral 
7 pounds on the inch, or2Q68 pounds; the number of strokes 
per minute was ten, of sii feet each ; the power of the en- 
gine was, therefore, equal to the number of pounds, mnlti* 
plied by the number of strokes per minute, and by (lie 
number of feel in the stroke; thus, 2268x10x6=186090 
lbs.; hia engine was, consequently, oi fovr hwse power. 
It has been stated (p.l4) that the mechanical force pro- 
duced by the evaporation of a cubic inch of water is suflicieot 
to raise about a ton weight to the weight of one foot ; and 
as 33,000 lbs. amount to nearly fifteen tons, we are prepared 
to admit that the mechanical force produced by the vapori- 
sation of fifteen cubic inches of water per minute, Is equal to 
what is technically called a one horse power. The know- 
ledge of this fact renders it an easy matter to supply an 
engine with water, in quantities proportioned to its power, 
that is, with 900 cubic inches per hour for each horse power. 
Tlie reader is now referred back to the interesting applica- 
tions of heat, stated at pp. 15, 16, of this work. 

\(M. Duty of Engine».-^Ta^ 'power' of an engine is 
estimated, as above described, by the mechanical effect pro- 
duced in a certain time. By the ' duty' of an engine, is 
MigniSed the mechanicaleffecl^taduccd by a certain quantity 
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tttjiiel, without reference to time. Hence, the power of on 
engine may be much greater than that of another, while its 
dttlj/ IB equal, or even less: the amount of steam produced 
by two engines from the same quantity of fuel may be the 
vae, and the duty of the engines will then be equalj but J 
he engine which produces this effect in the shorter time, is H 
lald to have the greater power. The duty of an engine ^ 
tbviouslf depends on a combination of various circumBtancas ; * 
boBe connected with the construction of the boiler, the ftir- 
lace, and its appendages, have been sufficiently investigated 
n the two preceding chapters. The quantity of fuel required 
br the duo performance varies, also, with the form and 
axe of the engine, and the purpose to which it is applied. 
Sroeaton considered, that a two feet cylinder requires 174lbs. 
of Newcastle coal per hour; this calculation would give 
S7}lbs. per hour for the eighteen, inch cylinder, mentioned 
In the last paragraph; but he was of opinion, that an engine 
«f four horsepower, of similar construction, could be worked 
by as small 3 quantity as GSlbs. per hour. In double acting 
engines, working without expansion, the quantity of coal 
t«quired per hour, varies from 7 to 12 lbs. The average 
eonsumption of fuel in the best marine engines was stated 
by Dr. Lardner at about 8 lbs. per hour for single horse 
power, but he considers this estimate only as an approsima- 
Con liable to several causes of error. The subject requires 
ftlrther investigation. ■ 

101. Dutff of the Cornish Engines. — Allusion has been m 
made (p. 67} to the engines employed for draining the Cor- I 
tiisfa mines. These are generally single acting engines. In ^ 
irhich steam is worked on the expansive principle. In 1811, 
tiiese engines were ])l3ccd under the superintendence of an 
eminent engineer, and monthly reports were published, em- 
bracing the following particulars: — The size of the cylinder, 
' the load on each square of the cylinder, and the length of 
the stroke ; the number of strokes of the pump, the diameter 
of the pump, and the depth of its stroke; the time consumed; 
■ the conauraption of coals in busbels, and the number of ^H 
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■trokes during tlie conaumplion, &c. The number of a 
gines, rejKjrted on, was, at that period, twenty-o 
have gince increased to sisty-uoe. The rate of duty pi 
formed is expressed by the number of pounds raised tC 
height of one foot by the consumption of one bushel of 
The resultfl of the inquiry, for \B2G, are given i 
form in Tredgpold'a work, from which a single ( 
~ le here sufiicient: the duty of a, single engine, ' 
the Wheal Hope Mine, mth a cylinder of 60 inches dial 
load per square inch on the pieton 8'S7 lbs., length a 
stroke 9 feet, number of strokes per minute 5'5, i 
upwards of 46,000,000 lbs. raised one foot by the c. 
tion of one bushel of coal. However surprising each S 
effect may appear, it baa been far exceeded by the improTed 
condition of tile engines under this efficient mode of inspec- 
tion. The average of ten of these engines has more recsnll} 
realized a duty of 70,000,000 ; and even greater resultf Ihu 
this have been recorded on unquestionable authority. 



94. In what two conditions does steam exhibit Tery dif* 
ferent properties? Is the pressure of steam, confined ii 
vessel apart from water, materially infiueneed by increased 
temperahiref What is the effect of increased tomperatnre 
upon steam, when in contact with water from which it ii 
generated F What effect has heat upon the densilj/ of steam, 
in the former conditionF Wliat, in the latter? State the 
law of the relation between the volume, and the pressure, of 
steam. Illustrate the law. — 95. How is this law shown to 
be inapplicable to steam P State the two laws which miut 
be taken into account in calculations of steam power,— 
96. How is mechanical power produced by condensation oi 
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I? Describe the produetion of power, in the engines 
en and Watt. Wiiat is the loss of power in a 
1cm high -pressure eogine? What power is gained in 
engines, beyond the asua/ effects of the steam? — 
Jhit is the difference between the total effect and the 
effect of an en^ne? By what cireumBtancea is the 
effect of an engine reduced? — 98. Give an account of 
Bcory of the steam en^ne, as stated by M. dc Pambour. 
What is meant by the expression /lorse pnicer f What 
performance of a horse, per dayP What amount of 
ifaation is equal to one horse power ? — ICO. What is the 
between the power and the dulj/ of engines? 
is the avenge consumption of fuel required for each 
power?— 101. State the amount of duty which has 
^rformed by the Cornish engines. 
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102. Prelminary Remarks. — Tha Dumeroua applia- 
tions of steam power to the purposes of impelling macl 
in printing, manufacturing, and agricultural operations, i(31 
be passed over ; there are comparati'velj few to whom tb 
processes are of great interest, and those fetr must Ktl 
information in larger and more elaborate treatises than ibt 
present. But the extraordinary changes which the inl 
and relations of society are undergoing in the present it} 
by means of steam locomotion, render the subject one of 
educational importance to every member of a. civilized M 
munity. Who, in the present day would willingly avow 
ignorance of the application of steam to the whole scie 
of navigation — " that new and tnighiy power," to use 
eloquent language of Canning, "newatleaat in theappBc*- 
tion of its might, which stalks the water like a giant r^oidit 
in its course — stemming alike tbe tempest and the tide — M- 
celerating intercourses, shortening distances ; creating', as il 
were, unexpected neighbourhoods, and new comhinationi of 
social and commercial relation ; and giving to the ficklenesi 
of winds and the faithlessness of waves, the certainty aad 
steadiness of a highway upon the land?" The truth c 
ttuned in these words may be illustrated by a single fact,— 
B fact nhich in other days would have been treated as a tale 
of romance: avesael may now navigate the Atlantic, betwe«D 
England and New York, within the space of fifteen djjs, 
and this, without stopping at niiy intermediate port I h 
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Again ; or the subject of inland traniport, Dr. Larduer 
Tea, — " Wlio coidd have credited the possibility of a, pon- 
raus engine of iron, loaded with some liundred passengera, 
a train of carriages of coirespoading magnitude, taking 
ght from Manchester and arriving at Liverpool, a distance 
'above thirty miles, in little more than an hour? And yet 
!r of daily and almost hourly occurrence. The 
pidily of transport thus attained is not less wonderful than 
e weights transported. Its capabilities in this respect far 
inaeend the exigencies even of the two greatest commercial 
irts in Great Brit^. Loads, varying from 50 to 150 
OS, are transported at the average rate of 15 miles an honr; 
d in one instance wo have seen a load— we should rather 
f a cargo — of waggons, conveying merchandize to the 
lOUnt of S30 tons gross, transported from Liverpool to 
[ancheater at the average rate of 12 miles an hour." — 
'realise on the Sleam Engine, p. 329. 
Once more ; if any thing further were wanting to show 
fi rapidity with which both land and sea transport may be 
1 by means of railroads, steam engines, and pad- 
e ■wheels, the excursion performed on September21, 1S41, 
der the arrangement of the directors of the Southampton 
■ilway, would supply it. On that day, seven carriages, 
efa containing twenty-four persons, left London at a few 
hutes before seven in the morning, and reached South- 
Bpton at a quarter past nine. At ten o'clock the Grand 
irk steam boat left the pier of this town, and conveyed 
9 passengers down the Southampton water, and entirely 
tlnd the Isle of Wight, returning to Southampton by h jf 
wt five o'clock. The company, after amusing themselves 
r an hour and a half at Southampton, entered the carriagei 
rain at seven o'clock, and reached London at 
lirty-five minutes past nine, having thus performed a trip 
of nearly 250 miles, including sea and land, in little more 
than 14 hours and a half; a trip which a few years ago 
ironld almost have taken as many days. The whole ezcur- 
<t each person only twenty shillings. 
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The present chapter will furnish the reader with a succinct 
account of the history of the modem engine, as employed for 
inland transport, in the foUowing order : — 

1. Classification of Steam Engines, 

2. Early Locomotive Engines, 

1. Trevithick and Vivian* s engine. 

2. J3lenkinsop*s engine ; Rach-raiL 
8. Messrs, Chapman* s engine. 

4. BruntofCs Mechanical Traveller. 

5. Adhesion of the wheels to the rails. 
' 6. Stephenson^ s Killingworth engine. 

7. Fixed and locomotive engines. 

3. Recent Locomotive Engines. 

1. Liverpool experiments : * Rochef engine. 

2. Mr. Bury*s engines ; cranked axles. 
S. Dr. Lardner*s experiments in 1832. 

4. Most recent locomotive engine. 

5, Mr. Samuel HalVs improvements. 

4. Of Rails, and Railroads. 

1. Materials and forms of rails. 

2. Construction of railroads. 

1. Of turn-outs. 

2. Of tunnels. 

8. Of curvatures. 
4. Of gradients. 

5. Of Resistance on Railroads. 

1. Different hinds of friction. 

2. Dr. Lardner*s experiments in 1888. 

3. Compensating effect of gradients. 

6. Locomotive Engines on Common Roads, 

1. Gumey* s steam carriage, 

2. Hancock* s steam carriage* 
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_P03. Ciassificotion of Etiffines.—Aithoagh It is intended 
lie limit tiie aiteDtion of the reader to the locomotive engine, 
:aa at present employed far inland, and marine, transport, 
a dassiiication of the varioua steam engines, according to 
e principle by which they we worked, may be found con- 
lient as a table of reference : — 

1. Condensing Steam Engines. 

1. Simple condensation in the cylinder. 
Atmospheric engines. 

2. Simple condensation in the condenser. 

1. Watt's single acting engines. 

2. Watt's double acting engines. 

3. Cornish singlo acting engines. 

3. Condensation and expansion. 

1. Expansion in one cylinder. 

1. Watt's engines, single and double. 

2, Cornish engines, single and donble. 

2. Expansion in two cylinders. 
Homb lower's and Woolf's engines. 

2. Non- con den sing Steam Engines. 

1. Simple generation of steam. 

2. Generation and expansion of steam. 

1. Engines of the first class are commonly called iow- 
bsfure engines ; but the term is not in all eases correct, 
t many of these engines, paTticiilariy those which combine 
{■ansioii with condensation, work with a considerable load 
fan the safety valve, as in the case of the Cornish en^^es. 
be single acting Cornish engine differs, in fact, from Watt's 
tigle acting engine merely in the steam being employed, 
I the former case, at a total pressure of 50 or 55 lbs., and 
a'ometinies at 73 or 80 lbs., instead of 16 or 18 lbs. per square 
inch ; and in the expansion of the steam being carried mncli 
further, the steam being often cut off, when the piston has 
performed but one-tenth of the stroke. The term low-prts- 



142 £i.BLT LOCOMOTITE SITGINES. 

9ure engine, therefdnre, frequently conveys a false notion; 
the term condensing engine, on the other hand, always con- 
veys a true one, viz. that the engine is provided with a con- 
densing apparatus. 2. Engines of the second class are com- 
monly called high-pressure engines. In this case the terms 
are equally significant : such engines, having no condensing 
apparatus for the production of a vacuum, are ohliged to 
work with steam of higher pressure than that of the atmo- 
sphere. Hence it is evident that high-pressure engines, 
though remarkahle for the simplicity of their construction, 
never turn to account the whole power ,of the steam : a por- 
tion of this power is necessarily expended in merely halandng 
the pressure of the atmosphere ; and it is the excess of the 
pressure of the steam above that of the atmosphere which 
constitutes its power to produce motion. On the other 
hand, the condenser, the air-pump, the cold water pump, 
the cold water cistern, &c., are dispensed with ; the diffi- 
culties attending the injection of condensing water are 
spared ; hence, the high-pressure engine, comprising only 
a boiler, and a cylinder with its piston and valves, becomes 
available to purposes, for which its comparatively small size, 
light form, and simple construction, so admirably adapt it. 
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104. Leupold^s High' Pressure Engine, — The earliest ex- 
periment of a high-pressure engine, worked by a cylinder 
and piston, was made by Leupold in 1720. His engine, and 
its mode of action, are noticed at page 81; the four- passaged 
cock is more fully described at p. 117. Nothing can be 
more simple than this apparatus : a piston is raised by steam 
of a high pressure; the steam which has performed this 
office is discharged into the atmosphere; a continuity of 
effect being desirable in pumping water, two cylinders are so 
connected that while the steam from one is escaping into the 
air, and thus producing no effect, it is acting in the other 
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cylinder so as to force water into the wservoir at the oppo* 
site end of the lever. 

105. Trevithick and Vivian's High^Preasure Engine.'^It 
is to Messrs. Trevithick and Vivian that we are indebted, in 
1802, for the first practical application of high-pressure 
steam. The earliest experiment of a high*pressure locomo* 
tive engine was made in 1804, on a tram'Toad* at Merthyr 
Tydvil, in Wales. The boiler, now called Trevithick's 
boiler, was of a cylindrical form, with flat circular ends ; it 
was mounted horizontally upon a strong frame with four 
wheels. A tubular flue entered the boiler at one extremity, 
and, passing to the other extremity, was there curved upon 
itself like the letter p and continued backward in a paridlel 
direction to the extremity at which it entered the boiler ; 
beife it terminated in the chimney ; the mouth of the flue 
formed the fire-place and the ash-pit ; by this means the 
hot air firom the fire communicated its heat to the water 
during its forward and backward passage through the flue, 
previously to its escape into the chimney. There was only 
one cylinder; this was placed vertically at the extremity 
opposite to the fire-place, and was partly immersed in the 
water of the boiler, by which means the temperature and 
elasticity of the steam were maintained at a high degree. 
Above the cylinder was placed a four-passaged cock, and 
communications were thus effected between the boiler and 
the upper and lower parts of the cylinder ; steam was ad- 
mitted into the upper part, and discharged from the lower 
part, of the cylinder, and vice versa, alternately. The dis- 
charged steam was conveyed by a pipe to the chimney, where 
it aided the action of the fire-place by increasing the draught, 
and escaped into the air. • The upper end of the piston-rod 



• A tram-road is a continuous line of smooth pavement, usually 
formed of flat rails made of cast iron, with an elevated edge or flange, 
on one side, to guide the wheels of carriages. It is capable of bemg 
used for ordinary wheel carriages. 
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was attached to a cross-bar, like the letter T ; to the extre- 
mities of the cross-bar were attached two vertical rods, the 
lower ends of which worked the cranks of the axle in the 
usual way. The steam cocks were opened and shut by ma- 
chinery connected with the crank axle. The motion of the 
eng^e was reg^ulated by a fly-wheel. Steam of a pressure 
of about 70 lbs. was employed in this engine ; the danger of 
explosion was gpiarded against by the use of fusible plugs, 
and by the adaptation of two safety valyes, one of which was 
locked up, and thus placed out of the control of the atten- 
dant. Tlie performance of this engine consisted in the 
draught of ten tons of bar iron, together with the necessary 
carriages, water, and fuel, at the rate of five miles an hour. 
106. Skidding of the Wheels. — The early eflfbrts at con- 
structing locomotive engines were met by a difficulty, wiuch 
was afterwards proved to be merely imaginary. It was sup- 
posed that the wheels would slip on the road, and would 
thus continue to turn round, while the engine itself remained 
stationary ; in other words, that there would not be sufficient 
adhesion between the tire of the wheel and the surface of the 
road, to propel the carriage. 1. To obviate this skidding 
of the wheels, as it is called, Messrs. Trevithick and Vivian 
proposed to make the tires of their wheels rugged and un- 
even, by driving into them large nails and bolts with 
projecting heads, or by making deep grooves across them, 
in order that they might take hold, as it were, upon the 
road, and thus facilitate their ascent in cases of elevation. 
Such a contrivance would, however, be attended by two 
very serious objections: first, there would be considerable 
resistance to the progressive motion of the carriage ; and, 
secondly, the rails of the road would be materially injured. 
2. In 1811, a patent was obtained by Mr. Blenkinsop, of 
Leeds, for the first double cylindered locomotive engine. 
His boiler was of a circular form, and contained vrithin it a 
tube, at one end of which was the furnace, and at the other 
the chimney. His cylinders were vertical, and were princi- 
pally within the boiler : the piston-rods were furnished with 
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^BM-bars, to which were attached connectiag-rodi, and 
^Km worked the cranks of the axle. HU method of pre- 
^Hatiag the imtieipated skiddiDg of the wheels, consisted in 
^H| >.pplication of a rac£-nii7 .- one side of the road, through- 
^HtitB entire length, was constructed with teeth, like those 
^Bft cog-wheel ; two of the wheels of the engine had their 
^^ta provided with similar teeth, which worked in gear 
^Hpi those of the road, and thns the engine was propelled. 
^Hr tneaOE of this rack>rail, the engine was enahled to aecend 
^KkUfitiesj hut the motion was, ohiiouslj, very rough, and' 
^K wear of tlie wheels considerable ; the plan was ahaa- 
^Ked, so soon as it was discovered that there was snlficient 
^■lesion of the wheels to the road without it. This engine 
^Bflenldnsop's cost £400; its weight was about 5 tons j it 
^pasumed 50 gallons of water and 75 lbs. of coal per hour; 
F^ performance was 94 tons drawn on a level at 3^ miles per 
hour; its masimum speed was 10 miles per hour. 3. In 
1812, another contrivance for obviating the imaginary skid- 
ding of the wheels, was adopted by Messrs. Chapman. A 
chain was extended along tlie middle of the railroad, from 
one end of it to the other, and made fast at each end, and at 
convenient intervals; the chain was passed once round a 
wheel fixed l>eneath the centre of the carriage, in such a 
manner that when the wheel was set in motion hy the engine, 
the chain was incapable of slipping upon it, and (be carriage 
was necessarily propelled in the line of the chain and road. 
In this case, however, a serious loss of power was incurred 
by the friction produced by the ch^n. 4. In the following 
year, an extraordinary contrivance was introduced by Mr. 
Brunton for surmounting the alleged difficult;. It consisted 
in attaching to the en^ne a pair of propellers, resembling in 
tbeiraction thelegsandfeetof an animal; these were adapted 
to lay hold on the ground at each stroke of the engine, and 
thus affijrd a resistance, the re-action of which caused the 
engine to advance. This "mechanical traveller," as the pa- 
tentee termed it, required a power of eighty- four pounds to 
move it at the rate of two miles and a half per hour. The 



J 
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machine being placed on a railway, and a chun b 
the back part of it, for the purpose of raising a weight u fa 
engine witf advancing, it noj found that with sleatn ei;iiill> I 
forty or forty-iive pounds' pressure on tlie square im-h, 6i I 
engine was propelled at the rate of two miles and a half j* I 
hour, and raised perpendicularly 812 lbs. at the same ipetj; T 
thus making the whole power equal to 896 lbs. at ti 
and a half per hour, or nearly that of six horses. 

107. Adiiesion of the Wheels lo ike Rails. — The m- 
trivances mentioned in the preceding' paragraph 1 
■handoned at this period, as it wax now ascertained ihs 
there is suSdent adhesion between the wheels and the ruhb 
prni>el an engine with n heavy load of carriages, •■ 
road which is level, or moderately incUned, without any ui 
whatever. By experiments on the Wylam railroad, Sb- 
filackett found that the adhesion was sufficient for the jun- 
pose in all Ifinds of weather, eseept wben the surface of ih 
rails was covered with snow; that, when the surfaces oftU 
lails, and of the wheels, are either quite dry, or eompletel; 
wet, the adhesion is the greatest, the surface being Ibfl 
most free from all extraneous matters ; that when the r^ 
on the contrary, are moistened with i 
uoverc^l with mud, the adhesion is the least i andthat,'U 
the inieruiediate states of the rail, the adheuon t 
greater or loss, according as its state approximmtet, j| 
or less, towards either of these conditions. The e 
nients, by which the amount of adhesion v 
are described in Wood's Treatise on Railroads. Una 
, of this valuable worlt, on reviewing these expei 

riders the adhesion, exclnsive of the power requisite til 
the en^e itself, in the beat or modem machines, i 
to the one-fifteenth part of the insistent weight j i 
comniou engines, working with vertical cylinders, Hj| 
to the twentieth part of the weight, pressing on tb 
the driving wheels. 

106. Slepheuson't KiUingworlh Engine. — The ■ 
adhesion between llie wheels and the rails havin|- b 
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109. Improved Form of the KUKn^toorth Engmt.'^ 
1815, a patent was obtained bj Messrs. StephensoD 
Dodd for an improTcd form of the en^ne, in whipb ii 
a get rid of the jerking motion, and oUier in 
a eaused by the cog-wheels. With this tieir, 
crank-pin is connected iminediatelg wilfa one of the spotH 
of the engine wheels, by means of a ball-and-socket JHK 
In the following figure, A represents the cjlindrieat be 
C the two cylinders ; at the top of each of the piston-ni 
is a trnnsverse rod, to either extremity of wtiieh is Gx«li 
eonneeting-rod; the connecting-rods are seen attachedilf 
and G to one of the spokes of the driving wheels, 
action of these cranks is maintained at right angles toud 
other, by means of an endless chain, which -was made to 
over a toothed wheel, S and F, placed on each axle belfta 
the driving wheels. An ingenious c 




Fig. 62. 

dnced into this engine. The machine was made ti 
upon iteam springs. The patentees thus speak of ihii I 
improvement: — " Om- invention consists in sustaining tbi I 
weight, or a proportion of the weight, of the engine n 
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■j lustons, moveable within cylinders, into nliich the steam or 

^ Trater of the boiler is allowed to enter, in order to press upon 

1 such pistons; and whicli piBtons are, bj the interrention of 

certain levers and eonneetiug-rods, or by any other effective 

eontrivance, made to bear upon the ttiles of the wheels of 

the carriage, upon which the engine rests." These cylin- 

^^^ers are represented in the fig. at H H; they are screwed 

^.by flanges to one side uf the boiler, into which they prig'ect 

gJU few inches; they are open above where they communicate 

nth the steam or water in the boiler; thej are also open 

alow, where they are fastened upon the frame of the engine. 

lolid pistons I I are fitted steam-tight to the cylinders; the 

taton-roda are directed downward, and fastened over the 

xles of the wheels, upon a moveable part of the frame. By 

his contrivance, the engine is entirely supported by the 

team, whicli farms a spring of the nicest elasticity. Inge- 

iouB as this invention is, it is of little practical utility; for, 

Irlien the steam loses the requisite elasticity for supporting 

~ e engine, the pistons are forced upwards into the cylin- 

xs, and the steam suspension is destroyed. Modifications 

of the engine, now described, were adopted: the endless 

chain was laid aside, and the axles of the driving wheels 

were cranked by means of a horizontal connecting-rod, a 

plan which will he more fully described hereafter; but, in 

'mproved state of the engine, as employed until 

the year I82S, its maximum performance was to convey forty 

it the rate of six miles per hour; the evaporating power 

of the boiler being equal to about fifteen gallons of water 

per hour. 

110. Fixed and Locomotive Engines. — In the spring of the 
year 182!), the Liverpool and Manchester Railway being far 
Advanced towards completion, the directors appointed Messrs. 
Walker and Rastrick to institute an inquiry into the com- 
iparative merits of fixed and locomotive engines, with refer- 
a expenditure, and the capabilities of the machines. 
,Th«r report contained the following statement: — "Upon 
the consideration of the question in every point of view, 
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taking the two lines of road as now formmg; and bvibf 
reference to economy, despatch, safety, and convei 
our opinion is, that if it be reaolved to make the Uverpri 
and Manohealcr Railway complete at once, so as to ; 
modate the traffic as stated in jrour instructions, or a 
tity approaching to it, the stationary reciproeating 
is the best." Notwithstanding this report, a majority of d* 
directors appeared to be in favour of locomotiTe ei 
provided they could be made of sufficient puwer, ot \m 
weight than those hitherto employed, and capable ofcnt 
Esming their own Emoke. A second inquiry was instttstti 
by Messrs. Stephenjioa and Locke, and with a diffemt 
result, founded on the increased power gained in thacofr 
•truction of locomotive engines subsequently to the dawJ 
the previous inquiry. The two estimates are given in 
in Wood's Treatise on Ewlroads. The coDiparisoD of tb 
two kinds of engines, according to the latter estimate, aa 
folio wa: — 



LocDmotirt 
Stalionnrj 



25,517 8 ' 
43.031 16 1 



Messrs. Stephen son and Locke observe: — " That, in ood- 
«dering the long chain of connected power of the statiomi} 
engines, given out by so many machines, with the contimui 
crossings of the train from one line to the other, and snti- 
jout to the government of no fewer than ISO men, whosf 
■WiviWun^ attention is tiZI requisite to preserve the coiuniD' 
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■n between two of tiie most iraporlant towns in thu 
im, — we caDDQt but express our decided conviction, 
ia,t a system which oeceEEarily involvee, by a single acci- 
nt, the stoppages of the whole, is totally unfitted for x 
nblic railway." To the same effect is the following opinion 
f Mr. Walkor: — " The probability of aucident, upon any 
ariictdar pari of Ilie system, is, I think, less with the 
Ationary, than with the locomotive; but, in the former, 
te effects of an accident extend to the tchole line, whereas, 
I the latter, they are confined to the particular engine and 
't train, unless they happen to obstruct the way, and pre'> 
ent others irom passing. The one tiystem is like a number 
f short unconnected chains ; lAe other resembles a chain 
itsTiding jrom Liverpool to Mancheeler, the failure of me 
i of which would derange the whole." 
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111. Liverpool Experiments. — The nature of the moving 
jower having been decided in favour of the locomotive 
m^e, a premium ofi^AOO was offered, in April, 1829, by 
" e directors of the Liverpool and Manchester Eailway, for 
e best locomotive engine, subject to certain stipulations 
and conditions. The principal of these were, that the 
Bngine must " effectually consume its own smoke;" that the 
wsight of the machine, with its complement of watei 
boiler, must, at most, nut exceed six tuns; that the load, 
attached to the engine, must be three times the weight of 
iha en^^ne; that the engine and boiler must he supported 
OD springs, and rest on six wheels, if their weight amounted 
X tons; that a machine of less weight would be pre- 
ferred, if capable of drawing after it a proportionate weight, 
and that such a machine, if reduced to a weight of four tons 
and a half, or under, might be placed on four wheels ; that 
the pressure of steam in the boiler was not to exceed 50Ibs. ^ 
per square inch ; and that the price of the engine, whid 
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might ba accepted, was not to eiceed £350, delivered on 
railway. The da; fixed for the trial was the Gth of Octokl 
following; the place appointed for the trial was a level ym 
of ruad, of a mile and three quarters in leogth, at I 
The distance to be peribrmed was 70 miles, or twenty td) 
forward and backward. Tlie engine was to accoinptiih M 
in two journeys of ten trip^, or S5 miles each, which miidl 
be equal to the travelling tram Liverpool to Manchester.n 
back again; between the trips, the engine waa to be 119 
plied with fresh fuel and water. The average rate of' 
veiling was not tu be less than ten miles per hour, u 
foltowuig engines were competitors for the prize: — 



Engine. 

Rocket 
Sana Pareit . 
Novelty 
Perseverance 
Cfclopede 



Maker. 

Robert Stephenson. 

Hack worth. 

Braithwaite and Erickson. 

Buralall. 

Brandreth. 



Of these engines, the " Cyclopede" was a horse-nuehii 
it was therefore not qualified to compete for the prize; 
performance was only six miles per hour. The " Per 
verance" was, after a short trial, withdrawn by its own 
as being iinsuited for the purposes of the Company. Hi 
competitors only remained ; the construction . 
ance of the rival engines are described in the follo' 
paragrapha.* 

112. Stephenson's "Rochet" Engine.— 'T\\e 
Engine of Mr. Robert Stephenson, the engineer of the J 
don and Birmingham Railway, was first put upon trial. 



n the " Liverpool 



■TangemcDti, in the valuable work of Woed im Hailroiuli, 3d 
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^ht of the engine, with tlie tender and the load, ' 



Tender, with water and coke .3402 
9^ro uarriagca, loaded with stones y 10 3 20 

Total Weight . .17 

XhiB engine performed the first trip of 35 miles in 3 hours 

riniDutes and 43 seconds, being at the rate of upwards of 

ilea an hour; and, after taking in a fresh supply of 

r and coke, it performed the second half of its task in 

hours 57 minutes and 9 seconds, being at the rate of 

fwards of tweke miles an hour; this speed included the 

stoppages at the two ends of the trial ground. Had the 70 

miles been performed in a continued line, the performance 

-would be estimated at 17 tons, including the engine, in 

^out fi«e hours, or at the aierage rate of 14 miles per 




IT 1 the water evaporated, 1 14 gallona per hour ; the con- 
jption of eoke, 217 lbs. per hour. The general appear- 
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anco of the " Rocket" engine is illustrated in theprecedicg 
figure. It will be seen to differ in seTeral pardculars from 
the engines already described, particularly in the mode rf 
generating the steam. A represents a c^lindncal boilei 
with flat ends, six feet in length, and three feet four inches 
in diameter. To one end of the boiler is flxed a. box, o 
Aimace B, at the bottom of which are the bars of the gnie; 
the box consists of a. double case, having a space of abanl 
three ineiies between the two casings ; tliis space is kepi 
constantly filled with water. The boiler and furnace boi 
are represented in profile in fig. 6S, and in a transverse sec^ 
tion, in fig. 64 ; the letters cor- 
respond with the same parts in 
botii figures. A pipe C commu- 
nicates &om the lower part of 
the fiimace case with the boiler, 
and supplies the latter with hot 
water ; at the top of the case, a 
pipe D conveys the steam to the 
boiler. The upper half of the 
boiler is devoted to steam, the 
lower half is kept constantly 
anpplied with water. The lower 
half of the holler is traversed by 25 copper tubes, each of 
three inches in diameter, opening into the fumace-boi at 
one extremity, and into the chimney at the other; these set 
as fiues to convey the heat of the Are to the water in thfl 
boiler. The cylinders, one only of wliieh is shown in the 
figure, were placed one on each side of the boiler; tbwr 
action was confined to onfcpair of wheels, as represented 
above. The generation of the steam is effectually aided bj 
the draught of the chimneys and this is materially incressed 
by the escape of the steam into it from the cylinders by the 
pipes L, one of which ia seen in the flgnrc, the other being 
on the opposite side of the engine. 

113. Hackuiorth's " Sant Pareil" Engine. — The neil 
en^e put upon trial was Mr. Hackworth's " ] 




Kg. 64. 



iisPai;^^ 



hackwohth s 



A tendar and load, i 



Engine 4 15 2 

Tender, with water and fuel .3 7 3 

Three carriages, loaded with atones 10 19 3 

Total weight . .19 2 

This engine, being aboTo the stipulated weight for four ' 
vbeela, was merely put upon trial, the results of which w 
to be made the subject of a fnrlher consideration. During 
the journey, the pump which supplies the boiler got out of 
order, and the experiment ended. The average perfon 

:e of tliU engine was eleven tons, excluBive of the engine 
and tender, drawn at the rate of about fifteen miles per hou 
the water evaporated, was nearly 150 gallons per hour; the 
coke consumed, fl921ba. per hour. The general character 
of the " Sana Pareil" engine is g^ven ia the following figure. 




The boiler is cylindrical, and six feet in length, having one I 
end flat, the other convex. The cylinders are placed verti- J 
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call;, one on each side of the boiler, and immediately ovr 
one pair of wheels; the other pair of wheels are comiected 
with these h; horizontal hars. The steam is generated te 
this engine on the same principle as in the '■Rocket," tii. 
by the draught of the chimney, aided by the escape into it 
of the steam from the cylinders. A horizontal section of 
the boiler, flues, and chimney, is shown in the following' 
figure. The boiler is traversed 
by a tube which is bent upon 
itself like the letter p ; the 
furnace D, and the chimney 
C, are thus placed at tlie same 
extremity of the boiler; at 
this extremity, the tube pro- 
jects from the boiler to an %■ 66. 
extent of about three feet, 

where it termiaafes in the chimney C. The upper part of 
the tube is surrounded at its two extremities by a semicir- 
cular case, for the purposes of obtaining an incre^e of 
heating surface and of draught. The hot air passes in the 
direction of the arrows B B from the grate to the chimney. 

\\i. BTaUhu)aite and EricisoiC e " Novelty" Engine.— 
The third enj^ne was the " Novelty" of Messrs, Braithwaite 
and Erickson. It differed from the preceding eng^es, in 
having no tender, the water tank and fuel being conveyed 
on the engine itself. The weight of this machine, with ils 
load, was as follows : — 

Tons cwt. qrs. 

Engine 3 1 

Water, tank, and fuel 
Two carriages, loaded with 



id fuel being conveyea 
f this machine, with i ts 

Tona cwt. qrs. B;^H 

10 ^''^1 
10 14 lf( 



Some accidents occurred to the machinery of this engine 
during its journey, and it was consequently withdravira, with- 
out having afforded sufficient trial to test its power. With 
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the aboTe load, it irent at the rate of 17} miles per hot: 
'■'vith the load detacheil, it conveyed passengers at the rate 
S8 miles per hour. This engine is of light and elegant 
appearance ; its construction and modification are repre- 
sented in the two following figures; the former represents 
the engine in profile ; the latter is a yertical section of it; 
the letters correspond to the same parts in hoth figures. 




Fig. 67. 

The principle by which the steam is here generated is dif- 
ferent from that adopted in the preceding engines. A is the 
generator, or vessel in which the steam is raised ; the tower 
part contains water, the upper part is filled with steam. 
Connected with this is a horizontal generator B, which being 
below the level of the water in A, is itself always full of 
water; the steam from B passes into A by the pipe H. The 
Tertical generator A contains a tiihe C, tig. 68, which passes 
entirely from the top to the bottom ; at its lower part it is 
enlarged, and receives the fire-grate F ; the liiel is aopplied 
from the top. The combustion of the fuel is effected hy a 
'Strong blast of air produced hy the bellows D, fig. 67, and 
conveyed to the fire-place through the tube E ; the bellowi 
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are worked I17 the engine. The hot air from the fire tl 
verses a tube e, Trhich is twice bent withia the harizool 
generator, and then escapf^s into ibe air b; the tube 6 
The steam ejlinder K wurks one pair of the wheel* M 
means of a Ml crank!* the other pair a 




these hj chains. The action of tliis tnaohincry Tfill ba 
readily nnderEtood hy means of the vertical section, Qg. ' 
1 13. Jtesults of the foreguing Eiperimaits. — The " I 
ket" engine having undergone the whole trial, and fulfilled 
all the conditiona laid down by the direetors, the prize rf 
i500 was awarded to Mr. Robert Stephenson, for this engine. 
I^t us now consider the improvements whieh were effected 
by means of the competition at Liverpool j these relate, 
first, to the weighl of the engine; and, Beeon<ily, to iB 
increased evaporaliag power. 1 . Previously to these eipe- 
riments, an engine, weighing with its tender ten tons and 



• The nature of ihe tingle crank i 
in the foregoing chapters; it uan onl 
n\B. Tig. 69, represents the b,U 
croak; it is obvious, from its con- 
■truction, tbat it mny be asvi. upon 
any part of an aile ; if placed between 
two wheels, it is capable of turning 
Ihem both at once. Fig. 70, ropre- 
aenta the doubU belt crank, whieh 
produces two alternate niali 
pmcating with each otiicr. 
Eioal bars attached to the cranks are the coanecting-roda, wbiobl 
worked by the piston. 
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half, was capable of draniog nineteen tons and a half, that 
a gross load of 30 tons, indnding the en^ne, at the rnte 
10 milee an hour, on a level railway. But-the " Hocket," 
lighing with its tender only seven tons and a half, drew 
le tons and a half, that is, a grosa load of 30 tons, includ- 
; the engine, at the Eame speed. Snch is the average 
amate of the performances of tha old and new engines, 
.ccording to Mr. Scott Kussell, tlie greatest loads drawn by 
the old looomotiyes wore 28^ tons weiglit, exclusive of en- 
^e and tender, at 10 miles an hour ; while the " Bocket" 
gross, esclnsive also of engine and tender, at 
;4 miles an hour; or, in round numbers, the Rouket, only 
""the weight of the best dravring engines previously con- 
leted, drew one-third more load at one-third more velo- 
Ity. The result of this is important: the old engines had 
"inum of weight practicable upon a rail; all 
irther increase of power, therefore, resulting from increase 
* siie was out of the question. In the new i 
iduotion of three tons weight was considered as so much 
~ "itional weight capable of being added to the engine, and 
propoTtiiinate increase of power was, consequently, e 
icted. This anticipation has been amply verified. 2. j 
iportant result was also obtained in the economy of fad, 
1 tha old engines, 1834 lbs. of coke were required to 
Mvaporate a cubic foot of water; in the " Rocket," only 
1'7 lbs. were required to produce a similar effect. But the 
advantage of an engine of light weight and small power is 
not to be estimated by the reduced consumption of fuel, for, 
by the "Rocket" itself, when travelling at a rapid pace, and 
drawing only three times its weight of carriages, tiie expense 
of fuel per ton per mile is greater than in the old engines. 
The real advantage of the new engine in found in the 
taerewied evaporating power of which it is capable; the 
number of cubic feet of water evaporated per hour by the 
" Rocket" was 18'24, whereas by the old engines the num- 
ber was only 1£'92. The increased evaporating power of 
the new engine was owing to the number of tubes intra- 
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duced into the boiler, presenting a large area of IielitiBg 
surface to the water. Thus the "Rocket" engine, ww|" 
ing only 4^ ton^, bad an extent of evnporating snrfaee, tli 
times and a half greater than the old engines, which irei^wd 
upirardg of 7 tons. The ^reat object lo be attained in 
sequent improvements was, therefore, to increase the eTspo- 
rating surface ; and the additional weight irhich the new 
eagiaes were capable of receiving, afforded a valuable meau 
of securing this object. 

116. Further JmprovemejUs in the Locomotive Engine.-- 
The principal improvements introduced into the locomotive 
engine, soon after the date of the Liverpool es{icrimeiiti, 
were of three kinds. 1. The cylinders of the " Rocket" 
vrere placed outside the engine ; their temperature was con- 
Requenll; reduced by exposure to the atmosphere, and a 
proportionate amount of heat was lost by the condunsatioii 
of steam thus produced. In engines subsequently con- 
structed, the cyUnders were accordingly placed inside die 
casing upon which the chimney rested; they were thus ex- 
posed to the heated air as it escaped from the flue tubes 
withiu the boiler to the chimney, and maintained at the 
temperature of this air, by which means condensation iru 
prevented. 2. A second improvement consisted in increoi- 
ing the evaporating surface. The additional weight which 
the new engines were capable of receiving, was devoted to 
the enlargement of the boiler, and to an increased number 
of flue tubesof smaller diameter than those of the "Rocket" 
In this engine, the number of these tubes was 23, tbar 
diameter being three inches; the surface thus exposed to the 
heated air was 113 square feet. In engines of later con- 
struction, the number of tubes has been variously increased: 
the Meteor had S6 of two inches diameter; the Comet, 
Arrow, and Dart, 90 of the same diameter ; the Northum- 
brian, IS3 of about an inch and a half diameter ; and ii 
engine built by Mr. Robert Stephenson for the Gra 
tion Railway, the number of tubes amounted to 169. 
efiect of this increase of evaporating surface was immed 
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perceived in the increase of power. The quiuk trains soon 
Attuned a rate of Telocity equal to twenty miles per hour, 
and this rate has since been increased. In the "Planet," 
ttae niath engine built by Mr. Stephenson for the Liverpool 
•nd Manchester Railway, the number of tubes was 129, of 
about an inch and a half diameter; the surface of these 
tubes wae 370 feet On December 4th, 1830, thia enpoe 
conveyed passengers and goods, amounting to a gross load 
rsO tons, eiclnsive of the engine, from Liverpool to Man- 
beater, in iittle more than Q^ hours, with new machinery, 
ad against an adverse wind; the maximum speed was 15} 
ifles per hour. 3. In the "Rocket" engine, the a-anks 
'ere fixed to the wheels, that is, to the two extremities of 
le axle, at the points of greatest distance from the centre 
r resistance. The inequality with which the impelling 
_ Dwer would act upon these points, owing to tlie alternate 
notions of the connecting-rods, would necessarily produce 
injotious strain upon the machinery. To obviate this 
difficulty, the cranks were subsequently removed from the 
wheels, and placed upon the axle towards its centre ; and 
tbey were so adjusted, that while one of them is horizontal, 
the other is vertical, and vice versa ; by this means, a con- 
tinual rotation of the wheels is etfected, one of the cranks 
being continually subject to the energetic action of the 
ojrliader and piston-rod. 

117. JIfr. Burn's Engines. — Mr.Edward Bury, of Liver- 
poal, has contributed to the improvement of the louomotiTe 
^engine. The principal features in his engines, are korixonlal 
i^linden, ind cra/ikcd axUs. "The first engine made by 
Mr. Bury was the 'Dreadnought,' which was started on the 
Uverpoo! and Manchester Railway, March 13, 1830. She 
had six wheels, and wag n 



K * This observation, made by a vritcr of CDDEiderable experience 

■ and ability, previanaly Ui the present outcry upon the subject of 
Biicur uid la-vihalei eoginvs, is entitled to attentive cansiderBtion. 
B^piniona are dirided upon the compamtiTe meiita of the twot' 
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The next wua the ' liiverpool ;' this was the oiiginal 
gtne made by him with horizontal cjlicders and 
axles. She was placed on the Liverpool and Manehe«!H 
R^lway, on Jul; H'l, 1830, and had an 18-mch stroke, t¥s 
pair of !ii-feet coupled wheeU, and 12-inch cjlinders. Tia 
great danger in cranked sales is from their breaking, whidi, 
with four-wheeled engines, might occasion considerablt 
damage. Thuy have been repeatedly broken ; but this hu 
not happened fairly to one of Mr. Bury's manufacture ; onlj 
Ino have been broken, and in both cases from bad welding. 
One of these, the engine No. 14 on the London and Bii- 
mingham Kailway, was discovered to have been actn»Ilj 
running for some time with a broken axle, without its bdng 
found out i this arises from the eccentrics being keyed on t« 
the weakest parts of the axle, and thus forming: a prutectiaii 
against accidents. The above axle had only two-thirds of 
its section soundly welded when sent from the maDutaclory. 
Mr. Bury's engines are now all made with cranked axtet 
and /our wheels, the goods' engines being coupled, and the 
passengers' not. We attribute the success of his Bxlea in 
some measure to the mode of constructing the framing, god 
to his bearings being inside the wheels, as any sliock froB 
obstructions on the road is thus thrown upon the bearingt, 
and not on the crank; the framing is made with great 
breadth and but liitle depth, in order tu resist UEcibI 
shocks; whereas most other makers' iiavo great depth 
and but little vridtb, wbich would atford the most powerftil 
resistance to vertical shocks, but, in conjunction with lie 
bearings being outside the wheels, would throw all the late- 
ral ones on the crank. Many broken axlea, however, hsve 
been produced by gross neglect in their manufacture. We 

of engines. While tbesi 

Mr. Hcropath, tlie Ejjiritei 

gaged in making res"arcli 

(iver man)' of the lines for llie pnrpose of gdining Bali^ractorj ia- 

fonnixioD. A eomjiiet'' rpport nf the results of his labours may be 

flwrtl; expected. 
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liave seen one which had been welded together, and fliere 
was not a junction of a tenth of an inch in the iron, all 
round ; the whole central part heiog perfectly black, with 
not the smallest sign of welding. Mr. Bury cuts liis out of 
the solid iron, and only welds the part joinjog the cranks to 
set tliem at right angles. Some makers twist the axlea for 
thia purpose." — Scoll RatseU on Sleam, 5cc. 1541. 

1 18. Dr. LardiieTs Erperimenlt.—Tbe rapid progress of 
improTcment made at this period in the locomotive engine 
was abundantly testified by its increased power, and the 
economy of fuel. In the spring of the year 1832, some 
esperimenCs were made on the Manchester Railway by Dr. 
Lardner; the results are thus stated by himself: — "OoMay 
5, 1832, tile engine Victory (weight 8 tons, 2 cwl., of which 
5 tons, 4 ewt. are on the working wheels — cylinder 1 1 inches 
— stroke 18 inches diameter — working wheels 5 feet dia- 
meter) drew from Liverpool to Manchester (30 mQes) in 1 
hour, 34 minutes, 75 seconds, twenty loaded waggons, 
weighing gross 92 tons, 13 cwt. 1 quarter; consumption of 
coke 929 lbs. net; was assisted up Rainhill plane 1} mile by 
the Samson. She spent 11) minutes in watering and oiling 
halfway. Tlie fire-place was filled with coke at starting 
(not weighed), and was again filled with coke on arriving at 
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Manchester (weighed); the coke 


Bed in getting up the 


steam not included in tbe above est 


nate. 


Speed on tlie level . 


IS miioa an hour. 


FaU of 4 feet in a nule . 


21-50 


Oindo. 


23-50 


EiseofSfeetindo. 


17-63 



Level sheltered from wind . SO 

"N.B, — Moderate wind direct a-bead; slipped on Ghat- 

]gs, and retarded two or three minutes, 

' ' On the 8tb of May, the same engine drew 20 waggons, 

weight gross 90 tons, 7 cwt. 2 quarters, to Manchester, in 

. 1 hour and 41 minutes; stopped to water, kc, 11 minutes 

half way, not included in the above ; consumption of coke 

lO^Olbs. under tbe same conditions as first experloMnt. 
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Speed on (lie level ir-TS mUes an hour. ^^M 

Fall of 4 fwt in a inilo . 22 ■ 

6 feet do. . 22-25 I 

Rise of S feet do. . . 15 I 

" N.B. — High wind a-head; conneoling-rod worked hoi, I 
being keyed too tight; on arriving at Manchester, pbtiW I 
found au loose in cylinders rhat steam blew through. I 

" On the ■29th of May, the engine called the Sanuau I 
(weighing 10 tons, 2 cwt. with U-inch cylinders, aod IS- I 
inch stroke j wheels 4 feet 6 inches diameter, both pair b^nf I 
worked by the engine, steam SOlbs. pressure, 130 tubes,) I 
WM attached to, with 50 waggons laden with merchandiie,^^ 
net weight 150 tons. The engine with this load traveDl^H 
from Liverpool to Manchester, SO miles, in 2 houTS and 4^H 
minntes, exclusive of delays upon the road for vralenng, ftq^H 
being at tbu rati! of nearly 12 miles an hour. The sf^^f 
varied according to the inclinations of the road. Upt|^^| 
level it was 12 miles an hour; upon a descent of 6 f^^^H 
a mile, it was 1 6 miles an hour ; upon a rise of 6 feet ^^H 
mile, it was about 9 miles an hour. The weather was oa^^| 
the rails very wet, hut the wheels did not slip, even il^^^| 
slowest speed, except at starting, the rails being at i^^| 
place Boiled and greasy with the slime .tnd dirt to wUH^I 
they are always exposed at the stations. The coke cod- 
Bumed in this journey, exclusive of what was used in get- 
ting up the steam, was 1762 lbs., being at the rate of a 
quarter of a pound per ton per mile." 

119. Mo.it recent Locomotive Engine. — Within the fe* 
last years, numerous improvements have been introdnceil 
into the construction of the locomotive engine. The varioot 
and minute detuls connected with this subject are fully 
explained, and illustrated by a series of excellent plates, in 
Tredgold's work on the Steam Engine. The plates exhiUt 
a patent locomotive engine, made by Messrs. R. Stephenson 
and Co., in 1836, for the London and Birmingham Railway; 
its original cost was about Xt400; it has drawn a load up 
an inclined plane equivalent to 220^toDE gross weight npon 
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h ep seDted at u a' ft b' t it is of a cj'liniirical tana, ihl^H 
eight 1 et n length, and three id diameter; it ia foTBM^^H 
w ought an plates, which lap over each other, tai ^^H 
joined togeliiei' by iron rivets, A front view of the end'^H 
the bo 1 IB se<-D at a" b" in fig. 3. The boiler is traTcnJH 
hy numerous tubea, which are shown ia their horiioi^^^ 
poailion at i t in fig. 2 ; their orifices are seen in tlM t^H 
view at A in fig. 3. The tubes are inserted into perfondH^| 
of the plates at each eitremity of the boiler. To canntn^^l 
the pressure of the steam against these plates, sevenl M^| 
o o are fastened to the chimne]' end of the boiler, and to A|tf 
Biterior surface of the fire-box chamber, as seen in flg-S. I 

(2.) At the riffkl extremity of the boiler, a chamber at i 
dd" is represented in the end view, fig. 3 ; its upper part is 
of a hemispherical form, and is of a somewhat larger dii- 
metcr than the boiler; a section of this chamber in lis 
horizontal position is aliown by the same letters in fig.3-, 
its exterior form is set-n in fig. 1. Within the diambwif 1 
fixed the ^re-iuj;, ee'fj^; this is nearly of a squEira ftit^^B 
below, it is riveted to the chamber atdd'; the gTBtel^^| 
are seen at y //', and the door of the fire-box at As i^mI^H 
the fire-box ia secured against the pressure of the steamj^H 
iron bars, i i i t i, which are fastened by bolts screvrad ^^H 
the under side, and keyed on the upper side, as represen^^l 
in figs. 2 and 3 ; the sides of the fire-bo£ are also secil^^| 
against the pressure of the sleam by means of cross bolO^ 
which are represented, in the same figures, as fastened lo 
the fire-box and the chamber. From the above description, 
it will be seen that the fire-boi ia almost entirely surroundei 
by the water of the boiler. 

(3.) At the left extremiti/ of the boiler, fig. 2, is a chamblj 
or enKihe-bor, I a' P {", of similar form to that ■ 
described. This chamber terminates above in the ciunu 
m, and thus affords a means of escape for the smoke ai 
has traversed the lubes within the boiler. The chandie^ 
opened, for the purpose of being cleaned, by a door K 
The cylinders and steam lubes occupy this chamber. 
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(4.) The upper part of the boiler presents seyeral objects 
which deserve nolJce ; these are seen entire in fig. I, and in 
section in fig. 2. Cammencing at the furnace end of the 
boiler, the Qrst object is the steam whistle at x, a contriv' 
ance for [iroducing a shrill soucd, as a prelude to starting, 
or a warning on the road. Il consists of a pipe, which is 
fastened ioto the top of the boiler, and may be opened or 
closed by a cocli, the handle of which is seen in fig. 1 ; when 
opeo, the steam from the boiler rushes through the tube 
into the lower cup juat above the cock; here, it passes 
through some apertures in a metallic plate wliich is placed 
horizuotaliy within the lower cup, and impinges with great 
force against the thin edge of the upper cup, producing ill 
characteristic sound. The nest object is a large opening p, 
called the man-hole, from its office of admitting a man into 
the interior of the boiler, for the purpose of cleaning or 
repairing it; when the engine is in nsc, the man-hole is 
closed l>; means of an iron pkte, fastened steam-tight, upon 
a tube raised a little above the surface of the boiler. At 
q q" arc two openings for the safety valves. The safety 
' Txlve g, nearest to the man-hole, is under the management 
of the engine driver ; it is furnished with a handle, which is 
mttacbed to some apparatus on the other side of the engine, 
for the purpose of indicating the pressure of the steam. 
The other safety valve q' is covered up, and placed out of 
the control of the engine driver. Tlie load on tlie latter 
falve is less than tliat on the former, bo that the steam 
-eaeapes from the latief valve first, and warns the driver to 
reduce the intensity of the fire ; this is efipcted by means of 
a fan, or damper, placed within the chimney, and regulated 
by a rod w w, seen in fig. 1 , The last object to be noticed 
the top of the boiler is the chamber B, ioto which the 
am from the boiler rises, previously to its passing into 
I steam tubes in its way to the cylinder. This chamber 
vill he noticed more particularly in a subsequent paragraph. 
(5.) The Cylinders, and their Appendages. — The cylin- 
dert are placed horizontally, at the chimney end of the 
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boiler, ono on each aide of the engine. One of the cjlindeti 
is represented, in situ, at A; the other ta eeea separately b 
fig. 4 ; tliey are both placed within the chamber into yiWt 
the hot air enters trom Ihe tuhea of the boiler, ant a 
therefore maintaiiied at a high temperature. The piitow 
are marked b; the figures 5 and 6 ; the piston-rods 5, 5, ind 
6, 6, work steam-tight through the stuffing-boxeaS, 8; they 
are attached at their further extremities to the conneclit^ 
roda 5, 9, and 6, 10, which work the cranks upon the til« 
of the en^ne ; the crank connected with the cylinder A ii 
represented in the same line as the piston -rod, while thai if 
the cylinder D is at right angles to it. TIte steam pasugtt 
leading to the upper and lower parts of tlie cylinder A. IR 
leenataa'; those of cylinder D, at c c' ; in both figure), r 
is the steam chamber, into which the steam issaes from (at 
boiler, previously to its being admitted into the cjlinderb} 
the action of the slide e e' ; the passage by which the bI 
is discharged from the cylinder, in both figures, is seen 
(G.yTiieSetpilatoTfandSteamPipes. — Inflg. 2, tbosi 
chamber r is supplied with steam from the boiler by tiM 
tube S, which is carried through the boiler, and e» 
almost to the top of the chamber B. The object of thii 
chamber will now he readily nnderstood. To prevent uy 
water from passing together with the steam into the cylin- 
ders,* owing to the agitation of the water which occu 
moveable engines, the orifice of the main steam tube it 
placed as far out of the reach of the water as possible; by 
this means, the steam alone rushes, in the direction of the 
arrows, from the boiler into the cylinder, while the watct 
merely dashes against the outside of the tube, and fails back 
into the boiler. The regulator, by which the supply o( 
steam is increased or diminished, is placed at D, and com- 
municates from the tube C in the chamber of the boiler, to 
the tube S in the chamber which contains the cylinder*. 
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Kt this point D there are two pipes hranching from the 
" 1 tube C, one for eath cylinder ; in fig. 2, only one of 
3 pipsB is seen, the other being placed behind it. A 
V of this apparatus is shown in the adjoined 



C represents a 



of then 



ntube, 




I leading from the chamber B, and S S are the two 
I pipes leading to the two cylinders. The orifiees of these 
I p'pcs are guarded by two sliding discs, marked 1, 1, which 
e backward and forward, and thus open and close the 
[ tiro orifices, alternately; the discs are atlached to a hori- 
, lonta! rod, 2, 2', represented in Rg. 2, which passes through 
I the boiler, and is turned by a handle shown at 4 j a sliding 
I joint at 2', and a spiral screw at 3', are adapted to this rod, 
in order to obviate any inconvenience arising from its ez- 
' pansion and contraction, produced by variations of the tem- 
, perature within the boiler. 

• (7.) Draught of Cljimney. — By means of the regulator 
I and steam pipes, the cylinders are supplied with steam. 
e now to consider by what means the sleara is dis- 
I charged from the cylinders, Tlie height of the chimney m 
■Wing insufficient to produce the draught required for the 
^^eetive combustion of the fuel, and production of steam 
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Fig. 72. 



for the dae working of a locomotiye engine, the steam from 
the cylinders is discharged into the chimney, for the purpose 
of producing an efficient draught. 
In fig. 2, the orifice of the dis- 
diarging tuhe is seen at t, from 
which the steam from the cylinders 
issues upward in the direction of 
the arrow. In the annexed figure, 
this part of the machinery is exhi- 
bited more completely. As there 
are two pipes leading to the cylin- 
ders, described in the preceding 
parag^ph, there are also two pipes 
leadingyrom the cylinders into the 
chimney. These pipes are shown 
at t; v; they gpradually converge, 
and terminate in the single pipe C, 
called the blast pipe, which opens immediately into the 
diimney, as represented also in fig. 2. 

(8.) Working of the Engine. — The general construction 
of the boiler and the cylinders, with their apparatus, having 
been described, the general working of the engine will be 
readily understood. This depends on the mode of admitting 
steam into the cylinders, the reciprocating motions of the 
slide, and the action of the piston-rod and crank. 1. The 
admission of steam into the cylinders is regulated by means 
of the slide e e\ which moves upon smooth surfaces on the 
side of the cylinder, as already explained at page 1 12. In 
^. 2, the slide is so placed that the steam rushes into the 
upper part of the cylinder through the passage a\ .while 
the steam from the lower part of the cylinder rushes through 
the passage a into the discharging pipe z, which terminates 
hi the blast pipe t. In ^^. 4, the position of the slide is 
altered : the steam enters the lower part of the cylinder at 
e, while the steam from the upper part escapes through c* 
into the discharging pipe z, which also terminates in the 
blast pipe. 2. The reciprocatina action of the slides is 
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(9.) Reversing Eccentrics, — It is necessary for a locomo- 
tiye engine to be enabled to travel backward as irell as 
forward ; bat with the reversed motion of the engine, the 
position of the eccentrics must be reversed. This may be 
efiPected in two ways. 1. In cases in which each cylinder is 
provided with only one eccentric, this is placed loose upon 
the axle, so as to admit of having its position, with reference 
to the crank, reversed, whenever it is necessary to reverse 
the motion of the engine. 2. It is more usual to employ 
two eccentrics for each cylinder, the one for working the 
slide in the forward motion, the other in the backward 
motion, of the engine ; when the motion of the engine is to 
be reversed, it is necessary that one pair of eccentrics be 
thrown out of gear, while the other pair is put in gear. 
This is effected by means of a hand lever, which is turned 
by the driver of the engine. 

121. Mr. HcdVs Smoke Consumer, — Mr. Samuel Hall, 
of Basford, near Nottingham, has recently introduced a 
method of consuming the smoke and inflammable gases, 
simultaneously with the other component parts of coal, by 
which means considerable economy is effected by the use of 
coal instead of the expensive article coke. Taking the cost 
of coal and coke respectively on the Midland Counties' Rail- 
way as a ground of calculation, it is stated that £100 worth 
of coal will evaporate as much water, and propel a train as 
many miles, as £235 worth of coke. The apparatus by 
which this economy of fuel is effected, has been in operation 
for several months in the *' Bee" locomotive engine, on the 
above railway, and has more recently been adapted to many 
stationary engines in our manufacturing towns. The testi- 
mony of Mr. Herapath respecting the success of this in- 
vention in the case of the *' Bee** engine, is most satisfactory. 
''I could not,** he observes, ''with my utmost attention, 
discover any difference between the colour of the emissions 
from the chimney and the safety valve, though nothing but 
pure coal was used, and not the slightest taint of the atmo- 
sphere was perceptible to me." {Railway Mag, Dec. II, 
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1.) Tlie result of an eipeHment of the same eng 

tely made by a party including several Directors and 

railways, waaeqiiallydeeisive: notonly 

lere not a " parlicle oi smoke" produced while tlie en- 

wcre iu operation, but the smoke was equally conaumed 

they were in a stale of rest. (Saitrcar/ Times, Dec. 11, 

811.) This invention cimsista In the introduction by aide 

id front tubes of a certain quantity of atmoapheric air of 

high temperature into the fire-box; this air passes over 

le fire from one end to the other, and effects the combns- 

on of any unigniCed inflammable gases, carbon, and other 

imbustible matters, as they are generated and liberated 

om the i\iel, and before they arrive in the form of smoke 

> the chimney, or perhaps even to the flues leading to the 



122. Experiment of the "Bee" Engine. — In a report 

lade by Mr. Marshall, the engineer of the North Midland 
lailway, on the subject of the " Bee," tlie following state- 
occur; — "The patent smoke -consuming apparatus 
DDBists of sixteen tubes in the lower three rows of the 
oiler, which nre prolonged by moveable tubes through the 
moke-box door, and also four tubes of the same size are 
laerted at each side of the fire-box at tlie same level, 
ig in all twenty-four tubes of 1^ inch diameter, for 
applying a stream of fresh air over the flre at the level of 
* e lower boiler tubes. To maintain a constant draught in 
ese air tubes when the engine is standing, a small steam 
pe is led into the blast pipe, which throws a jet of steam 

»'when the engine is not working." 
In an experiment of this engine, made last October, Mr. 
Idarsball reports as follows: — "Steam well up; pressure 
^a valve altered from 551bs. to GOlbs. on the inch, as in 
Korth Midland engines; smoAe consumed complete!'/ with 
the extra steam blast whilst standing, leaving scarcely any 
appearance but the steam out of the chimney." Again : — 
" Sjnoke consumed completely, whilst running with the 
ontinary blast alone, leaving only a faint tint, except rither 
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at starting, from filling* up the fire, the steam well kept and 
Gre good in the trip." Once more: — ^^ Smoke consumed 
completely in both trips, leaving no coloui^ in the steam 
that would be observed, and the supply of steam abundant 
throughout, being always blowing at the safety valve, with 
the use of the extra blast only, whilst the steam was shut off 
from the cylinders." 

123. Other Improvements of Mr, Hall. — 1. The improve- 
ment, briefly noticed in the preceding paragraphs, is at 
once simple and inexpensive. Instead of supplying the fire- 
box with atmospheric air by tubes or flues outside the boiler, 
some of the tubes already existing within the boUer are 
evoted to this purpose, being merely continued on by means 
of moveable tubes, to the door of the smoke-box, where they 
are open to the atmospheric air. In the case of locomotive 
engines, a farther supply of common air is admitted through 
smaller tubes inserted into the fire-box, and also by perfora- 
tions made in the door of the fire-box. The temperature of 
the latter supply of air is, of course, considerably below that 
of the former ; but, the latter quantity being much smaller, 
no injurious effect is produced in the temperature of the 
total supply of air. 2. It is obvious that, while the engine 
is in motion, with its air tubes open to the atmosphere in 
the front of the smoke- box, there will be a considerable 
draught of air through the engine ; but that, when the 
engine stops, and there is no discharge of steam through 
the blast pipe, the draught will be discontinued, and dense 
volumes of unconsumed smoke will issue from the chimney. 
To prevent this, Mr. Hall adapts a pipe and a valve to the 
boiler, so as to transmit a portion of steam up the chimney ^ 
when the engine is at rest, and thus to produce a draught of 
air in the same way as is effected by the steam which 
escapes through the exhausting pipes of the engine when in 
activity. 3. Another valuable improvement is that of con- 
densing all the waste steam by means of the water in the 
tender, when the engine is at rest. Instead of injecting the 
steam immediately into the water, and thus producing in- 
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[nrioiis shocks to the tender, Mr. Hall introduces a series of 
^pes* immeised in water into the tender, and causes 
n to pnss smoothly through them, by which means 
tondonsed, and afterwards returned, in the form of water 
a high temperature, to the boiler. By following out tbii 
thod, aU the steam at present discharged, during the 
inactivity of the engine, by the safety valye, would be at 

1 debated to useful purposes. 4. Another, and most 
hteresting part of the invention, is a contrivance Tor making 
tverj/ lube wilhia the boiler take its due share of heat from 
, instead of the upper luben taking more than 

iag to the tcnili?ney of the heat to ascend to 

3 upper part of the smoke-boi in its progress to the 

Aimney. This improvement consists of a metallic plate^ 

bent into the form of an arch, and introduced into the smoke* 

1 space between the plate and the sides 

Rnd top of the snioke-boi. Tliis plate is perforated by a 

;great number of small holes, the aggregate area of which Ii 

equal at least to the area of the chimney; Air. Hall states 

that he would prefer having their area equal to double that 

■ *>f the chimney, or even more, so as to give a free passage of 

iSi gaseous matters through them into the space betwe^I 

'tte plate and the siites and top of the smoke-box, on their 

progress to the chimney. T!ie plate is called a distributing: 

plate, from its etFeet in distributing the heat equally throng 

■11 the tubes of the boiler. This plate has the further 

intage of preventing the passage of any portions of 

ignited fue! from the emoke-box to the chimney. 5. Among 

the collateral advantages arising from the better combustion 

I of fuel and smoke, two may be notioed as materially e 

I ducive to the comfort of tiie passenger ; the offensive odour 

arising irom decomposition of the steam during the stop- 

I page of the engine, and the escape of particles of ignited 

I fuel from the chimney, are both obviated. 

• This serii:?! of pipea ponstitiitea the pattnt condiinstr uf Mr. Hall, 
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124. Mr. R. Stephenson's new Enginr. — Mr. Robert 
Stephenson has takeo out n patent for a 
which three impcirtant alteratioas are introduoeil. 1. Tt* 
length of the boiler, and conGequentlj' the extent of heitie; 
surface, are increased about 50 per cent., the tub^E btini 
IS feet long, instead of from 8 to 9; by this r 
patentee expects to bo enabled to reduce the intense heaXtf 
the air in the smoke-boi, so destructive to the tubes in Out 
part. The flre-bos is reduced 25 per cent. The result of 
these two changes he conriderswiti be a consider&ble sancg 
of fuel. A small pair of trailing wheela are placed doK 
before the lire-boi, instead of behind them, 
engines with shorter boilers ; the driving wheels are in the 
centre, as in other engines, their axles being thus under tin 
centre of gravity of the enjfine; the leading wheels stt 
placed jnst behind the smoke-box, as in a four-wbeel ei 
Indeed, this engine, with regard to the relative positions of 
the fore and hind wheels, in respect of the fire and smoke 
boxes, is a four-wheel engine extended from 6 to 1 1 feet 

2. The valves are placed at the sides of the cyliodert, 
instead of at the top; the consequence of which is a direct 
connexion between the ei:centric9 and the valves, i 
at all the levers, with their cost of construoUoD, their wew 
and tear, and a more tight and certain action of the valtes. 

3. The pumps are worked with a shorter stroke, froui lit 
reversing eccentrics, by which a slower motion of the pumpa 
is obtained, and the wear and tear of them is expected to bo 
diminished. The anticipated results of these alteratjoni 
are, economy in fuel, and diminished wear 
engines. 



\ij. Materials and Form of Rails. — The ol^ect of* 
ruilroad is to provide hard, smooth, and unchan^ng gur* 
faces for the wheels of carriages to roll upon. 



fcnrfoces consist of two parallel rows of rails, or bars, of a 
noitable material and form, raised a, little above the general 
KlevQl of the ground, and presenting upward a. smooth and 
B«ven surfaue. The rails are placed neatly end to end, and 
■secured by fajteoings to blocks of wood or stone, called 
W,aleepers, which are embedded in the earth at intervals of 
ft«boat three feet. 1. The earliest railway employed ii 

■ country waa constructed of aiood. In 1676, coals 
VeoDVeyed, near Newcastle-upon-Tyne, from the mii 
t'the banks of the river, "by laying rails of timber exactly 
I straight and parallel; and bulky carts were made with four 
I rollers fitting those rails, whereby the carriage was made 
I so easy, that one horse could draw ibur or five chaldrons 

■ of coals."* In the wooden railways, the upper surface of 

■ the rail being convex, a projecting edge, or Jlange, which 
r dips on the outside, was attached to one side of the circnm- 
[ ference of the wheels, in order to keep them upon the rails. 
1 2. About a hundred years afterwards, Mr. Curr constructed 
I a. railway of cast iron at the Sheffield colliery ; it was called 
' the "plate rail." Tlie rails consisted of fiat bars, having 

an npright ledge for retaining the wheels on the line, 

and nailed down to wooden sleepers. In the plate railway, 

_ the carriages were kept upon the lines, by means of the 

I ledge of the rail, which formed a substitute for the flang* 

I of the wheels ; these were, accordingly, made flat and of^ 

I less breadth. 3. In 1789, Mr. Jessop introduced a ibrm of 

I rwlway, termed the " edge rail," in which the edge of the 

rail was presented npward, and the wheels of the carriages 

were flanged, as in the case of the wooden railway. The 

following figure represents a side view of a common cast- 

n edge railway. S represents the sleepers, consisting of 

large blocks of atone with a broad base, which are previontdy 

placed in the ground at a proper level. To the sleepers ax* 

fixed pieces of cast iron, C, called chairs; these have a 
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base, tVura which two upriglit ledges are cast as far aparta 
the breadUi of the rail, thus fanning a cavity into which b 



ends nf the rails, B, are fastened together by raeana ofim 
pins. 4. At the beginning of the present century, nili «t 
malleable iron were tirat introdneed; but owing to ihffl 
expensiveness, they were little used until 1820, when 1 
patent was obtained by Mr. Birkinshaw for mannfactnrinj 
or rolling rails of malleable iron, which should combine tb( 
Eame bearing surface as the cast-iron rail, ivith the mad 
improyed form for ensuring strength ; in the present iij, 
mallcabic iron is exclusively used in all public lines at 
railway. The supports, or sleepers, are now usually cob- 
structed of wood, this material being found to yield nan 
readily than stone to the rolling of the wheels, and thus 
obviate the injurious eflects of jolting on the carriages. Oi 
the Great Western Railway, between London and Bristol, 1 
plan has been adopted of placing rails, having parallel an* 
faces, upon longitudinal beams of timber, wliich are uDittd 
at intervals by transverse bars. 5. Rails of malleable irnn 
are of tvafomte. One of these is theJisk-bclUed or eH^p- 
tical rail ; in this form, each rail is of about twelve feet in 
length, and six inches in depth at the two extremities, from 
which it gradually deepens downward into the characteriilJo 
form just mentioned, and which is seen in lig. 73. Tbe 
other is fha parallel rail; in this form the lower ttaiue, 
instead of swelling out like that of the preceding variety, ii 
parallel to the upper aurface. There is considerable diifer- 
ence of opinion as to the comparative merits of these tiro 
forms of rail ; both hinds have been laid down on the 
London and Birmingham Railway. 
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126. Of the ConsltTictiuii of Ruilroads. — The expeose of 
lonstructing' a railrnad, simpli; as it may appear when 
[ finished, Is exceedingly great. In the first place, the land 
■tbrough which the line is to pass, must freqncDlly be pur- 
n exorbititiit price ; and the preliminary expenses 
F legal process and of procuring an act of parliament to 
Uietion the line, sometimeB amount to as much an £2000 
er raile. If the proposed line he carried through a tract of 
Oountry presenting great inequalities of surface, the ex- 
penses of excavating, embanking, tunnelling, &c., become 
an entire chaise of £30,000 per mile is con- 
sidered a moderate eipenditnre in the conBtruction of rail- 
roads in this country. I. Tha formation level o^ a. proposed 
line being determined, all the portions above this level must 
be cut away, or excavated, while all the space below It 
must be lllled up, or embanked. It is, of course, desirable 
that the quantity of material obtained by excavating should 
be eqnal, as near as may he, to the quantity required for 
embanking; and that the distances between the places of 
I operations should not be great. la cases in 
irhich these advantages cannot be secured, additional ex- 
.pense is necessarily entailed; where the excavated material* 
« insufficient for the embankments, the deficiency must be 
knade up from other land by what is termed side cutting; 
where the excavated materials exceed those required for 
Hnbankment, the surplus is thrown aside, or laid to sjioil ; 
ind where the distance is too great between the excavation 
(nd the embankment, either or both of these inconvenience! 

nay occur. 2. In America and in Belgium the lines gene- 

vally consist of only one track ; in Great Britain there an 
always tipo tracks, in order to accommodate trains going 
D opposite directions. 3. The width between the rails wai 
a the early period of r^lways, determined by the legislatui 
ftt four feet eight inches and a half, and this is the width 
vobgerved on most of our principal lines. In 1B36, this rule 
» suspended, and the width on the Great Western Bail- 
way is seven feet. The policy of departing from a standard 
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width seems questionable, wiien the commuiiicatioiis likdj 
to occur between the great linea are considered, for it it 
obvious that the eoginea and carriages must bo changed 
wherever tbe width of two lines varies, and that much in- 
convenience will be occasioned b; loss of time aud other 
circumstances. The breadth of the bearing part of the raib 
is generally two inches and a half. 4. The wiiilh belavai 
the two tracks on the Liverpool and Manchester Railwaji* 
the Hame as that between the rails, viz. four feet eight bchei 
and a half. On the London and Birmingham Sailwaj, it 
is six feet. According to Mr. Wood, the latter widdi ii 
preferable upon great lines of railway ; but eKperience bw 
shown that no great inconvenience is felt upon lines of Oa 
former width. 5. The width between the rails and tht et 
of the embaakntenl must be sufficient to ensure the staMilj 
of the sleepers and of the rails ; a width of four feel is fo 
to be perfectly sufficient for tliese purposes. Mr. Wood 
observes: "On approaching a, narrow embankment, : 
rapid rate, the general impression is, that the engine wiD 
run over the side of the embankment, and drag the tr^n nf 
carriages over it. Nothing can be more fallacious ; for, if 
the eu^ne were, by any accident, to ran otf the rails, 1 
would not drai/ the carriages after it. If it go over at all, I 
the carriages will push the engine, but the engine vrill not 
draff the carriages over, for this very simple reason : if the 
engine do run, or be thrown off the rails, a dimiuiition ofile 
speed iomiediateiy takes place ; and, there being no sDeb 
check to the carriages, their inertia carries them famrati 
against the engine, pushing it on until the whole trsin ii 
stopped. In approaching the question, we must, therefore, 
consider it with reference to that mode of action ; and, like- 
wise, with reference to the immense tang;ential forco inherent 
in an engine and train of carriages moving at so rapid * 
rate." According to this experienced writer, we have th« 
width of the excavations at the formation level, including the 
width for drainage of water on each aide of the railway, in . 
the following proportions: — ^^_ 



OF TURN-OUTS, OE TASBING PLACES. 

Two liaea of railway, including rails 
Width betneeo the two lines 
Width on the outside of rails 
Width required for the slopea 
Width for the drainage 



127. Of Turn-outs, or Passiriff Places. — In public liuea 
of railway, on which two trains may be travelling' in 
same direction, and at unequal speed, it is necessary Co p 
vide a means by which the slower train may him oul of i 
track, and cross otef to the other, in order to allow the 
faster train to pas« it. This is effected by means of a move- 
able rail, or switch, placed at the point where the turn-out 
track branches irom the main-track, and passing obliquely 
.aeross the line of rails, at euch an angle as to obviate any 
considerahle sliook to the carriages on entering upon it, to 
prevent the wheels from running off the rails, or from twist- 
ing the frame of the carriages. The angle should depend 
Upon the rate of speed at which the train is travelling. 
Upon the private colliery railways, where the rate of speed 
U not mora than eight miles an hour, the angle is generally 
tetween 6° and 7° ; but upon public lines of railway, where 
the speed is great, a less angle than 2°, or 2^", should not he 
Adopted (Wood). The moveable rail is placed in its proper 
position by an attendant ; hence, it is important to have as 
few passing places as possible. In private lines of railway. 
In which there is only ooe main track throughout the entire 
length, short intervals of double tracks are laid down, with 
proper turn-outs to admit of carriages passing each other 
in opposite directions. 

128. Of raiineis.— The subject of tunnels will be here 
noticed merely with reference to certain olijections made. In 
the year 1836, by men of reputation, before Committees of 
the House of Commons, as to their supposed injurious effects 
upon the health of passengers, owing to the alleged dilB- 
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culty of ventilating them. On this subject Dr. i 
obaerres: " These parties thought tbej saw six gre&tdi 
gera to health in the tunnels : — viz. 1. The temperaMf.^ 
Yet this in tunnels is always the medium temperature ot " 
elimale, equally removed from the two hurtful estremesof i 
heat and cold, and differs little from the natural atmo- 
spheric temperature of a great majority of days in the year. 
And in the warmest summer noon, a person entering « 
tunnel for the usual minute or two of the passage, is lest 
tried, than a person in winter crossing a staircase from one 
warmed room to another ; and much less, than one wbu 
follows the almost universal practice of going to bed in t 
room without a fire. 2, Impurity of air from smoke. — Yet 
the thing objected to, exists of the same kind, and oflra 
more in degree, in a smoky room anywhere. 3. Moiatun 
from the condensed steam and the springs in the earth.— 
Although there is much less of it, than in the air of a 
misty or rainy day. 4. Rapid paeaage through the air.-~ 
Although the effect is the same, as of the wind passing per- 
sons in a windy day ; and much less than when in the open 
air the railway carriage moves against the wind. 5. &ui- 
den darkness. — Althougb the change is less sudden, than 
when a person puts his hand before Ills eyes, or goes into i 
dark cellar, or when the lights in a room are suddenly es- 
tinguished. 6. Noise. — Although this is not so great as in 
many manufactures, or of military review firing. And be 
it remarked, that a man who chooses to pull up the glasses 
of the carriage, and carry the same air with him througli 
the tunnel, absolutely avoids four of tbc alleged dangers, 
viz. the change in temperature, in purity of air, as to 
smoke and moisture, and the current ; and by shutting liii 
eyes and putting cotton in his ears, he may if he choose 
aToid the other two. The whole six objections fall properly 
under the head of alarm from novelty to a person ignorant 
and ineiperienced. The effect, on any ordinary person, is in 
reality the same as of passing along any narrow street U 



night."* The veiitiialion of tunnels takes place, first, by 
the air blowing through them ; Hecondly, by the effect of 
the perpendicular opeaiDgs in them, called shafts, throug'h 
which the air in ninter, because then hotter than the atmo- 
sphere, ascends — in summer, because colder, descends — 
producing', in both cases, a change of the mass belo«' ; and, 
thirdly, by the passage through the tunnel of the trains of 
carriages driving the air along. "In any case," adds Dr. 
Arnott, "where these infiaences are insufficient, it would 
be easy, by hoisting a sail on one of the carriages of a train, 
which sail would nearly stretch across or fiU the tunnel, 
absolutely to sweep out the whole of the air at each transit." 
129. Of Curvatures. — It is scarcely possible to construct 
a line of railway perfectly straight ; there must of necessity 
be curvatures of a certain araount. The effect of curvatures 
I is to produce lateral fnction of the (laoches of the wheels 
I (gainst the sides of the rails. On this subject, Mr. Wood 
L observes: — "All the wheels now used on railways, es- 
^L.pecially where curves occur on the lines, are constructed, 
^B 00 that the outside rim is conical, or is enlarged in diameter 
^r^iext the flanch ) when, therefore, the carriages are passing 
^P round a curre, the wheels, being connected together by the 
I Bile, form as it were, a conical roller, running upon the 
rails with different radii ; the larger radii being on the out- 
ride curve of the rail. This increase in the diameter of the 
wheel, running on the outside, compensates, to a certain 
extent, for the increased length of the outer curve of the 
rail ; and if the radius of the curve be not less than the line 
which the two wheels of unequal radii would describe, the 
wheels will travel along the line without rubbing against 
the flinches. But. if the curve be more acute than such a 
line, then the flancbes of the wheels ore the only guides to 
beep the carriages on the rails." Tlie same writer observes, 
that if the outside rail of the railway be elevated to such a 
height, above the inner rail, as to give to the axles of the 

• Araoll OnWarmingand VentUaling. 
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carnages resting upon the two rails, such an inclination as 
will produce upon the carriages a gravitating farce towards 
the centre of the curve^ equal in amount to that of the 
centrijugal force outwards^ there will be no tendency in 
the carriages to upset, or to press the wheels against the 
rails. It is obvious that the smallest curvature should have 
a considerable radius : Mr. Wood states that a radius of 565 
feet is less than ought to occur in any curvature on a rail- 
way. In going round a height, the radius ought to be 
considerably larger, in order to allow the engine driver to 
look out, so as to prevent collisions from trains travelling 
in either direction. 

130. Of Gradients, — Gradients are inclinations of the 
road, and are obviously of two kinds, ascending and de- 
scending. 1. In the case of ascending gradients, in which 
the inclination exceeds a certain limit, additional power 
must be given to the engine, in order to overcome the 
increased effect of gravity. Various methods have been 
adopted for this purpose: a subsidiary locomotive engine is 
kept in readiness at the foot of the gradient, in order to 
assist the train on its arrival, as is generally adopted on the 
Liverpool and Manchester line ; or a fixed engine is placed 
on the summit of the gradient, and communicates by a rope 
with the train at the foot of the plane; or the load is 
divided at the foot of the gradient, and the engine carries it 
up by two or more ascents, as has been occasionally done 
on the Rainhill inclination of the Liverpool and Manchester 
Railway. 2. In the case of descending gradients, the in« 
creased velocity arising from gravity must be checked by 
means of a break ; this consbts of a curved piece of wood, 
which fits the circumference of some of the wheels of the 
carriages, and is pressed upon them by a lever worked by 
the engine driver with more or less force, according to the 
declivity of the gradient, or the velocity with which it is 
desirable for the train to descend. The subject of gradients 
will be noticed again presently. 



DIPrEEENT KINDS OF FEICTION. 



I3i. SifeTenl kiads of Friclion—ln all loeomotiTe 
Hi^nea, a certain degree of obstruction, or rtsislance, is 
Baused by friction. There are two kinds of friction, the 
rubbing friction of the asiea sliding within their chair* or 
Bearings,* and the rolling friction of the circumference of 
the wheels upon the rails ; but, as both these retarding 
re in operation at the same time, it is usoal to 
comprehend both kinds under the general term friction or 
resistance. Until a recent period, almost the total amount 
ef resistance to the progressive motion of an engine was 
referred to the mechanical obstructions above mentioned. 
Iho total amount of resistance has been varionEly stated 
bj different authorities: on a well -constructed level, it has 

n generally estimated at the 240th part of the gross load; 
on inclined planes, the ordinary resistance is, of course, 
increased by the effect of gravity, and the power of traction 
must be proportionahly increaeed. According to this mode 
of calculation, an ascent of one foot on a ])lane of 240 feet, 
would require the power of traction to be doubled; on an 
ascent of two feet in 240, the power must be trebled; 
an ascent of three feet, it must be fourfold; and BO ( 
Hence, it appears that a very slight inclination inToIves n { 
Tery considerable increase of the power of t 
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xcd figure represents ihe simplest form of axle, and plan 
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Rainhill mclmalion, on the Manchester railway, 
foot in 9G, and would, acconliDgly, require the amonot 
orduiary traction to be increa^d fourfold. But tUs 
of calculation lias recently been called in q 

132. M. Pambour's Calculations.— Jn 1834, M. Punbov 
instituted a series of valuable experimenta upon the Uvv 
pool snd Manchester Railway, in order to determiog On 
amount of friction, or resistance to traction, in locomotin 
engines as at present constructed. Tlie portion of ths Us 
selected was on the Sutton Plane, which is a unifonn iacH- 
natian of nearly 1 in 100 ; at the bottom of the plane, fltl 
line is nearly level. His plan was to start llie carriage 
from a given point on the plane, to allan- them lo niB 
down the plane, and to be brought to rest by their frlctioa 
on the level part of the line below. Stakes were set op il 
intervals of 330 feet j the distances, and correspond 
descent of level from the starting point to the different 
stakes, in feet, were carefully noted. The details of thcw 
experiments are described in the Trails des Machin" 
Locomotives of M. Parabour. The conclusions at whieli lie 
arrived, are as follow. 1. The average resbtance of ibt 
carriages, without the engine and tender, is about 3lbs. pa 
ton of the gross weight of the carriages and load. 2, Tli" 
average resistance of locomotive engines, in good order, ii 
about ISlbs. per ton of their weight. 3. The resislanceof 
the engine Is increased by the load at an averag^e of about 
lib. per ton. In these experiments, tlie average resistanet 
of the single carriages was estimated at the 306th, that «t 
the carriages in trains at the 2G2d, part of the weight 
These resulla are considered by Mr. Wood as too favourable; 
they may, however, be taken as approximate estimations fit 
locomotive engines as at present constructed. 

l3a.Dr.Lardner'sBzperi7nenls. — In the autumn of 1838, 
a series of experiments was performed by Dr. Lardner, 
order to determine the mean amount of the resisting fiats 
opposed to the moving power ; the plan adopted, 
observe the motion of trains descending steep inclii 
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"Clontrary to the opinion previously entertained, it was found 
■that the acceleration was not uniform, but that it actually 
JeMened with iaereaite of speed. Thus, " if a certain speed 
e gained hy a train in one second when moving at five 
•miles an hour, a much lea« speed was gained in one second 
yrbea moving ten miles an hour, and a comparati?ely small 
e lime when moving at fifteen 
.noiles an hour. In fact, the augmentation of the rate of 
acceleration appeared to diminish in a very rapid proportion 
■ma the speed increased: this snggested to me the probability 
itbat 3 sufficiently great increase of speed would destroy all 
deceleration, and that the train would at length move at a 
!:imiform velocity." It was found that the unifurin speed 
ihnB attained, depended on the weight, form, and magnitude, 
I, and the inclination of the plane ; tlmt the same 
^oic on dlfierent inclined planes attained different uniform 
«peeda, on the steeper planes a greater speed being attained. 
"From such experiments it followed, contrary to all that 
bad been previously supposed, that the amount of resistance 
to railway trains had a dependence on the speed; that this 
dependence was of great practical importance, the resistance 
being subject to very considerable variation at different 
speeds, and that this source of resistance arises from the 
.etmoiphere which the train encounters. This was rendered 
obvious by the different amount of resistance to the motion 
tf a train of coaches and to that of a train of low waggons 
tf equal weight." 

134. Compensating effect of Gradients. — " The tendency 
)f the results of these experiments shows that low gradients 
6n railways are not attended with the advantageous effects 
vhich have been hitherto ascribed to themj that, on the 
contrary, the resistance produced by steeper gradients can 
rmpensated by slackening the speed, so that the power 
'dull be relieved from its much atmospheric resistance by 
tile diminution of velocity, as is equal to the increased 
B produced by the gravity of the plane wliich is 
ucended. And, on the other hand, in descending the pla 
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the speed may be increased until the resistance produced by 
the atmosphere is increased to the same amount as that by 
which the train is relieved of resistance by the decliyity 
down which it moves. Thus, on gradients, the inclination 
of which is confined within practiced limits, the resistance to 
the moving power may be preserved uniform, or nearly so, 
by varying the velocity. The principle of compensation by 
varied speed being admitted, it will follow, that the time of 
transit between terminus and terminus of a line of railway 
laid down with gradients, varying from twenty to thirty feet 
a mile, will be practically the same as it would be on a line 
of the same length constructed upon a dead level; and not 
only will the time of transport be equal, but the quantity of 
moving power expended will not be materially different. 
The difference between the circumstances of the transport 
in the two cases will be merely, that, on the undulating line, 
a varying velocity will be imparted to the train, and a vary- 
ing resistance opposed to the moving power ; while, on the 
level line, the train would be moved at a uniform speed, and 
the engine worked against a uniform resistance." — Lardner 
On the Steam Engine, 7th edit., p. 408, &c. 



LOCOMOTIVE XNGINEB ON COMMON ROADS. 

185. Gumey*s Steam Carriage.^^The resistance of car- 
riages on turnpike roads has been made the subject of 
experiment by the Holyhead Road Commissioners, and has 
been estimated at not less than 72 lbs. per ton of the gross 
weight. But the resistance on turnpike roads is not 
increased by curvatures in the same proportion as it b on 
railroads; and, hence, the increased power required by them 
is not so ^;reaX proportionally on the former, as onthe latter, 
kind of road. Further, it has been found that there is suffi- 
cient adhesion between the wheels of carriages and the 
surface of common roads, to propel a train of loaded car- 
riages along them. These and other circumstances have 
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sa^ested the practicability of applying steam to the pur- 
pose of transport on common roads. Accordingly, in 1831, 
a steam carriage, constructed by Mr. Goldsworthy Gumey, 
plied regularly for four months between Gloucester and 
Cheltenham. The carriage performed this journey of nine 
miles four times a day. It carried, during the period of 
four months, upwards of 3000 passengers, without a sbgle 
accident, at a greater speed than that of common stage 
coaches, and at half their fare. The Value of coke consumed 
during this period was about ^50. Mr. Gumey calculated, 
that a carriage weighing 85 cwt., working for eight hours, 
is enabled to perform the work of about 30 horses; that 
his propelling carriage, capable of carrying 18 passengers, 
would be equal to the weight of four horses ; that the con- 
veyance carriage would be of the same weight as a common 
stage coach capable of carrying the same number of per- 
sons ; and that, accordingly, the weight of both together 
would be equal to the weight of a common stage coach, 
with four horses included. In order to enable the carriage 
to ascend hills, steam of a very high pressure must be 
employed; this may vary from 70 to 100 lbs. on the square 
inch. In 1829, Mr. Gurney travelled, in his steam carriage, 
from London to Bath, and back, surmounting all the hills 
on this road. His experimental carriage was found to be 
capable, in 1826, of ascending all the hills around London, 
not excepting the hill between Kentish Town and Highgate. 
136. Report of Gumey' 8 Steam Carriage, --^Mt Mr. 
Gumey had to undergo the usual fate of inventors — the 
most unscrupulous opposition arising from ignorance and 
prejudice. The obstmctions thrown in his way were so nume- 
f ous, that, after a successful experiment of four months, 
his plan was abandoned. Mr. Gumey petitioned Parlia- 
ment, and a committee was appointed to inquire and report 
upon the subject. The following extracts from the Report 
contain some interesting matter on this subject: ** 1. With- 
out increase of cost, we shall obtain a power which will 
ensure a rapidity of internal communication £yr beyond the 
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utmost speed of horses in draught. 2. Nor are the advan- 
tages of steam power confined to the greater velocity 
attained, or to its greater cheapness than horse draught. 
In the hitter, danger is increased, in as krge a proportion 
as expense, hy greater speed. In steam power, on the 
contrary, there is no danger of being run away with, and 
that of being overturned is greatly diminished. It is diffi- 
cult to control four such horses as can draw a heavy carriage 
ten miles per hour, in case they are frightened, or choose to 
run away; and for quick travelling they must be kept in 
that state of courage, that they are always inclined for run- 
ning away, particularly down hills and at sharp turns of the 
road. In steam, however, there is little corresponding dan- 
ger, being perfectly controllable, and capable of exerting its 
power in reverse in going down hiUs. 8. Steam has been 
applied as a power in draught in two ways; in the one, 
both passengers and engine are placed on the same carriage; 
in the other, the engine carriage is merely used to draw the 
carriage in which the load is conveyed. In either case, the 
probability of danger from explosion has been rendered 
infinitely small, from the judicious construction of boiler 
which has been adopted. 4. The danger arising to passen- 
gers from the breaking of the machinery need scarcely be 
taken into consideration. It is a mere question of dday, 
and can scarcely exceed in frequency the casualties which 
may occur with horses.** The Committee conclude their 
Report by the following summary of propositions, of the 
truth of which they state that they have received ample 
evidence: — 

1. '* That carriages can be propelled by steam on common 

roads at an average rate of ten miles per hour. 

2. " That at this rate they have conveyed upwards of 

fourteen passengers. 

3. ^' That their weight, including engine, fuel, water, and 

attendants, may be under three tons. 

4. " That they can ascend and descend hills of consider- 

able inclination with facility and safety. 
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5« '* That they are perfectly safe for passengers. 

6. " That they are not (or need not be), if properly con- 

structed, nuisances to the public. 

7. '* That they will become a speedier and cheaper mode 

of conveyance than carriages drawn by horses. 

8. '' That, as they admit of greater, breadth of tire than 

other carriages, and as the roads are not acted on 
so injuriously as by the feet of horses in common 
draught, such carriages will cause less wear of 
roads than coaches drawn by horses.'* 
137. HancocICa Steam Carriage, — Mr. Hancock's steam 
carriage differs from the preceding, in carrying the engine 
and the passengers on the same carriage. It weighs about 
dj- tons, and accommodates 14 passengers. Various other 
contrivances have been projected for the application of steam 
engines on turnpike roads, but none of these have been 
brought into practical operation. Among other aspirants 
to success in this scheme, may be named Mr. Ogle of South- 
ampton, and Dr. Church of Birmingham. 
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103. Into what two classes are steam engines divided? 
Why is the term low -pressure engine in many cases incor- 
rect? What is the difference between the single acting 
Cornish engine and the single acting engine of Watt ? 
Why is a non-condensing engine necessarily a high-pressure 
engine? How is it that in high-pressure engines, the • 
whole force of the steam is not turned to account? 
What parts of a non-condensing engine are dispensed with 
in a condensing engine? — 104. Explain the principle of 
Leupold's engine. — 105. Describe the construction of 
Trevithick and Vivian's engine. What was its perfiorm- 
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mnee ?— 106. What is meant by skidding of the nbeel*' 
Whst coDtrirances for obviating' tliis imaginary difficnlli 
were Euccessivelv introduced? — 107. How does die it 
hedon between the wheels of a locomotive engine and Ai 
rail Tary nith the state of the weather ? What ia ik 
nmount of adhesion, as determined by experiment * — lO. 
Explain the method by which loeomotion was e9eol«d bj 
Stephenion'e Killingworth enpneP — 109. Wlial imp^o^^ 
ment was Eubsequenlly made in this engine ? £v;>!aitt it 
principle of the steam springs adopted in this engiw 
What is the objection to this contrivance? — 110. ffta 
advantageB do locomotive possess over stationary engine ?~ 
111. State the conditions under which the engines weit 
constructed for the " Liverpool Experiments." — 1 12. WlW 
wa« the iierforraanee of the "Rocket" engine? ExpWn, 
generally, the construction of this engine. — 1 13. What *» 
the performance of the *' Sans Pareil" engine P For wbl 
reason was it disqualified for competition ? — 114, What WM 
the performance of the "Novelty" engine? Why wa* it 
withdrawn ? Explain, generally, its construction and nwdf 
of action. — 115. What were the comparative weights ofthe 
new and the old engines ? What were their relative powm? 
What was the diiference between their evaporating powers! 
To what cause was this to be attributed ? — 1 16. What im- 
provement was introduced, at this period, in the position of 
the cylinder? By what means was the evaporating svrbet 
increased? What change was made in the position of ih 
cranks? — 117. What are the principal features in Mr, 
Bury's engines ? What is the danger arising from cranW 
axles ? How may this danger he obviated ? — 1 18. Will 
was the performance of the engines "Victory" and " Sam- 
son," in 1832?— 119. What is the average amount ofwatef 
evaporated by the best modem locomotive engines? — 120. 
Describe the several parts of the modern locomotive en^c. 
with reference to the figures at page 165, Explain the 
general working of a locomotive engine, — 121, What is the 
natWte of the smoke- consuming apparatus of Mr. Hall ?— 
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123. What is Mr. Hall's contriyance for economizing the 
waste steam ? What is the object of his distributing plate? 
— 124. What alterations are introduced in Stephenson's new 
patent engine? What advantages are anticipated from 
these alterations ? — 125. Of what materials are rails con- 
structed? What are the forms of rail now in use? — 126. 
What is the usual width required between the rails of a 
track ; between the two tracks of a line ; outside the rails ; 
for the slopes ; and for the drainage ? — 127. What are turn- 
outs? At what angle are they commonly placed? — 128. 
How are tunnels ventilated ? How may the popular preju- 
dices against tunnels be answered? — 129. How is the fric- 
tion caused by curvatures on the road prevented? — 130. 
What are gradients ? What are the methods adopted for 
ascending inclined planes ? How is the velocity checked 
on descending planes? — 131. What was the amount of 
resistance formerly attributed to friction^ on railroads ? In 
what ratio would this resistance be increased on inclined 
planes? — 132. What is the amount of resistance, as esti- 
mated by M. Pambour? — 133. What effect has increase of 
speed on the acceleration of a train ? What new source of 
resistance was discovered by the experiments of Dr. Lardner ? 
— 134. Explain the compensating effects of ascending, and 
of descending, gradients. — 135. What was the performance 
of Mr. Gurney's steam carriage on turnpike roads ? — 136. 
What was the general purport of the Report made on this 
method of locomotion ? 
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CHAPTER X. 



OF STEAM NAVIGATION. 



138. Preliminary Remarks. — The application of steam to 
the purpose of propelling vessels, the proportionate impulse 
which has hereby been communicated to commercial pros- 
perity, and the direct relation of the invention to the art of 
warfare, are among the most remarkable phenomena of the 
present day. The beneficial effects derived from this mode 
of employment of steam power may be estimated by the 
rapid extension of its use, in our own country alone, within 
a comparatively short period of time. In 1812, a solitary 
steam boat began to ply on the Clyde; in 1825, fifty-one 
steam boats were in operation on the same river; in 1837, 
sixty-three vessels, comprising a burden of 6,644 tons, were 
sailing on the Clyde. In Great Britain and Ireland, in 
1814, there vere, exclusive of government vessels, eleven 
steam vessels, of 542 tons burden in all ; in 1828, this num- 
ber was increased to 344, with a burden of 30,912 tons; in 
1838, there were 760 vessels, of 78,664 tonnage, and 56,490 
horse power ; of these, about 480 were river steamers and 
small coasting vessels, and 280 large coasting and marine 
vessels. The total extent to which steam power was applied 
in Great Britain, in 1825, was estimated by Baron Dupin as 
equivalent to the power of 320,000 horses in constant action; 
from that period its employment has been prodigiously in- 
creased ; the amount of capital afloat in steam ships may be 
said to be nearly six millions of money. In America, steam 
communication has proceeded with an equally rapid pro- 
gress. In 1807, the first American steam boat was launched 
at New York ; in 1838, the whole number of steam vessels 
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employed in that country, was from 700 to 800. In a late 
return from the secretary of the Treasury of the United 
States, it is stated, that on the western and south-western 
waters alone, near 400 vessels are supposed to be running, 
where none were used till 1811; and where, in 1834, the 
number was computed to be 234. On the Ohio river alone, 
in 1837, 413 different steam boats are reported to have 
passed through the Louisville and Portland Canal. As an 
illustration of the rapid increase of business in steam boats 
on the Ohio, the number of their passages throughout the 
Louisville canal was, in 1831, 406 passages, and 1501 pas- 
sages in 1837, being nearly fourfold in six years. In this 
path of national improvement, in the discovery of physical 
principles and their application to mechanical operation, it 
is the proud boast of Great Britain, that she has taken the 
lead. In the words of Tredgold, "No new principle, no 
new combination of principles, has yet been derived from a 
foreign source ; the most perfect of foreign steam engines 
being professedly copied from British ones, and not unfre- 
quently manufactured by British workmen." We are now 
placed in that interesting period of time, when steam navi- 
gation promises to connect the most distant habitable parts 
of our globe, its extension being limited only by local defi- 
ciencies of the material to which it owes its power. Already 
has the surface of the ocean, as well as that of the land, 
been traversed by a network of lines ramifying from the 
great centres of civilization. Communication is now opened 
between the Old and the New Continents by an easy passage 
of only fourteen days ; and a project is now in contemplation 
for establishing a line of steam communication between 
Great Britain and India. The moral and political results 
arising from the extended operation of this power can at 
present be but feebly calculated; but the philanthropist 
may well indulge a hope, that the dissemination of the arts, 
sciences, literature, and natural productions, of the most 
favoured spots of the earth, may, at no very distant period, 
effect the most glorious revolution in the annals of man. 
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The subject of this chapter may be arranged under the 
following heads : — 

1. History of Steam Navigation. 

2. Inland and Marine Engines. 

3. Of Marine Boilers. 

1. Form of boiler. 

2. Indicators ofsaltness. 

3. Blowing out; brine pumps. 

4. Of the Cylinder of the Marine Engine. 

1 . Relation between the 

1. Dimensions of the Cylinder^ and 

2. Power of the Engine. 

2. Application of the Steam. 

5. Of the Condenser and Air-Pump. 

1. Common Injection Condenser. 

2. Mr. HaWs Patent Condenser. 

1. Distilling Apparatus. 

2. Steam Saver. 

3. The ** Queen** Steam ship. 

4. The ''MegtBra** and ''Volcano:* 

5. The ''British Queen.** 

3. Howard* s method of vaporization. 
6. Of Paddle Wheels. 

1. Paddle wheels with fixed floats. 

1 . Common paddle wheel. 

2. Field's cycloidal wheel. 

2. Paddle wheels with feathering floats, 

1. Buchanan* s paddle wheel. 

2. Morgan* s paddle wheel. 
S. HalTs reefing paddle wheel. 

7. Engines of the Steam Packet "Ruby.** 
Description of a Marine Engine. 
&. Engines of the Steam Frigate " Gorgon.** 
9. Of the Archimedean Screw Propeller. 

10. Proportion of Power to Tonnage. 

11. Steam Navigation in America. 
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I. Barb/ HUtory of Steam ^avigalion. — The proJL'ct 
of Biases de Garaj, in 1543, bas heeu already noticed 
(p. 20), The application of ateani to navigation by Hulls 
has also been briefly described and illustrated (p. 32); his 
method of converting the reciprocating into the rotatory 
motion was ingenious, hut not ao simple as that of the 
crank. From the date of his invention, it appears that his 
engine was a modification of the atmospheric engine of 
;omen. In 1785, two Americans, James Ramaay, of 
Virginia, and John Filch, of Philadelphia, claimed the 
Tenown of discovering the application of ateani to naviga- 
but their plan was not reduced to practice. The merit 
of the invention appears to belung to three British subjects, 
Wid the first successful application of it to an American ; 
respective claims must be adjuated by reference to 
dates. In ITSS, a steam boat was constructed by Mr. 
'WiUiam Symington, of Falkirk, under the patronage, or, 
iraa say, the directions, of Mr. Patrick Miller, of Dal- 
■winton, and Mr, James Taylor, the tutor of his femily; 
this boat was capable of being driven at the rate of five miles 
a hour. In the following year, Mr. Symington constructed 
a larger boat, which was tried on the Forth and Clyde Canal, 
Koi want at the rate of seven mUcs an hour. In 1801, Mr. 
Symington was encouraged by Lord Dundas to construct an 
experimental steam boat for tawing vessels on the Forth and 
Clyde Canal ; it had a atcam cylinder of twenty-two inches 
in diameter, and four feet stroke ; it appeared well adapted 

the purpose for which it was made ; the plan was, how* 
ver, abandoned, probably on account of the motion of the 
rater injuring the banks of the canal. Mr. Fulton, an 

American engineer, and Mr. Henry Bell, of Glasgow, had 

1 opportunity of inspecting the steam boat, constructed in 
1801, by Mr. Symington; and the consequence was that, 
"n 1807, Mr. Fulton kunched tlie first steam vessel, the 
■' Clermont," on the Hudson, and in 1812, Mr. Bell fitted 
up another, the "Comet," for the Clyde; these were 

two first vessels of the kind ever employed for publio . 
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■ervice in ellbor licmisphere. Mr. Fultnn's engine wasmidi! 
in 18D4 bf Messrs. Boulton and Watt; its first voyage vu 
performed between New York and Albany, a distaoM o( 
160 miles, in about thirty hours. Mr. Bell's boat plied ibe 
whole summer froni Glasgow to Helensburgh ; the engine 
exerted n force of about three horse power ; the weiglit nt 
the vessel was about twenty-five tons. The rate of 
of both the above vessels was about five miles an 
Shortly after the eiperiment of Fulton's boat, Mr. Sleveni, 
of Hoboken, in America, performed a successful voyage, hj 
means of Bteam, on the open sea; his eonslruction of flie 
vessel, and modification of the machinery, appear to have 
realised the great objects of steam navigation. In our owl 
country, the enterprise of steam navigation on the open sea 
began to be successfully prosecuted, in 1818, by Mr. David 
Napier; by bis industry, eommuiiications were opened be- 
tvreen Great Britain and France, during the stormy period 
of winter ; post-ufflce packets were regularly establisbed 
between Dover and Calais, between Liverpool, Greenock, 
and Belfast, between Holyhead and Dublin ; and before llw 
year 1822, a fleet of commercial steam ships was constructed, 
combining greater power and speed than any at that lime b 
Europe ; these vessels ranged from ISO to 240 tons bunlen, 
and their engines from 60 to TO horse power. In IS2-1, Ibe 
"James Watt" steaai vessel plied between Leith and Lon- 
don ; this vessel was of 448 tons burden, and carried tvu 
engines of 50 horse power each ; its rate of speed was ten 
miles an hour. Tlie " United Kingdom," the engines of 
which were furnished by Mr. Napier, and were of 200 horse 
power, was the noblest vessel constructed at that period. 
Various improvements were subsequently introduced by 
inventors whose names will appear in the following pages. 
In completing this brief sketch of the history of i 
gadon, it will be sufficient to notice the performance of; 
steam vessel which plied for twelve months, in the .yean 
1836-37, between Greenock and Liverpool, a distance 
320 miles: the "Unicorn" performed this voya^, dnriif 
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and winter, with varialile loads of pagsengers and 
QiercbaDdise, one hundred and forty-six timea, at a. speed of 
aleven miles an hour, with almost perfect regularity. This 
ressel was allerwards transferred to the station between 
Oreat Britain and America. 

HO. Differences between Inland and Marine Engines. — 
.. The ialand locomotive engine ia propelled by means of 
rheels attached to an axle, the axle being worked by two 
; the steam ship is propelled by means of a pair of 
\addle leheels attached to the two extremities of an axis, or 
haft, placed across the vessel, and projecting at each end 
ie]rond its timbers; the shaft is worked by two cranks. So 
iir, the mode of propulsion iu both eases is similar; in 
nth, the cranks are placed at right angles to each other; 
nit is the former case, the cranks are worked by a single 
two cylinders ; in tbe latter, by too enginet, 
ih having a single cylinder, and acting upon a common 
^hoft. Locomotion is effected, in the former case, by the 
Ihesion of the wheels to the rails; in the latter case, by 
the reaction produced by the paddles striking the water in 
the opposite direction to that in which the vessel is pro- 
2. The engines used on railways, are of the high- 
pressure kind ; in marine navigation, low-pressure con- 
densing engines are always employed in this country, and 
they are constructed in alt respects on the general plan of 
Watt's double acting engine, with Blight modificationa ii 
the forms and relative position of the parts. On the riveri • 
of America, where lightness of weight is of importance, 
high-pressure engines are frequently employed. 
Watt's engine, there is only one beam, and this is placed 
above the cylinder and piston-rod; in the marine en^^e, 
there are two beami, and they are placed behio the cylinder 
and piston-rod. The connecting- rods, in the latter engine, 
are therefore presented upwards towards the cranks which 
they put in motion, instead of l>eiog presented downwards, 
as in the former engine. In the marine engine, 
cbinery is, in fact, inverted vrith reference to the beam, tho 
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object beio^ to keep the bnlk and wdgbt of the engine M 
low as possible io the hnll of the lassel (see par. 145>. In 
the steam boats used on the American nTera, the original 
position of the parts is retained, and the nuwhinery esteoda 
to a considerable height above the deck. 4, The propor- 
tion of the qflinders differs in the two kinds of engine. In 
the land engine, the length of the cylinder is nsoallj donUe 
its diameter; in the marine engine, the diameter is «err 
little less than the length. As necessary f^nscqnences of 
this, the stroke of the latter engine is much shorter than 
that of the former, in proportion to its power; the crank b 
shorter i and the sphere of vertical acliou of the numog 
parts is limited in a corresponding degree. 5. In both kinds 
of engine, there are several parts which do not essentially 
differ ; in both there are condensers, air-pumps, snd a 
mechanism for working the valves. In the marine eagiae, 
equalization of power is not of the same importance as in 
stationary land engines; the governor and its apparatiu are, 
therefore, not required. 



141. Form of Boiler. — In the constmctlon of the marine 
boiler, it is neceasar; to combine the greatest possible effi- 
ciency with the least weight. A very compact form of 
boiler is, therefore, adopted, in which a large snr&ce is 
exposed to the heat of the 

furnace, and a proportionate ~ " — , i 

increase of evaporation pro- t J 

duced. The annexed figure ' ' , ( . 

represents a horizontal section -. > i' 

of a boiler employed in some ' . i ' 

of the government vessels. It 
consists, in reality, of three 
boilers, any two of which may 
be used, in case of any acci- — 
dent happening to the third. Fig. 76. 



SALTNESS OF ITATEH IS BOILEES. 201 

■e three pairs of furnaces F F, coramunicatinff 

pith three flues E, irhich traverse the boiler in four direc- 

o forward and two backward, in the direction of 

e arrows placed in the white spaces. The intermediate dirlf. 

^parts represent the water contained within thin plates; b; 

which means the heated air acta upon every portion of the 

jointer at a great advantage ; it appears that the evaporation 

! produced, when compared with that effected by the 

trailer of a land engine, is as three to two, with the s 

don of coal. The heated air having traversed these 

eandering flues, and having reached the [loints C, enters 

o three curved fines, repre- 

■ented by the letters B, in the 

J transverse aectiou of the same 

_>1icdlor, fig. 78 ; the curved flues 

^J terminate in the chimney. 

^ Three dampers are placed in 

—^ the curved flues at the point 

where they merge into the 

diunney, by which means the 

Kimmunication of any one of 

Uie three boilers with the chimney may be cut off at plea 

In the plan of boiler here described, the flues ar 

■11 upon the same level ; in other cases, the flues are made 

ie two levels, the one placed above the other, by 

which means a greater heating surface is obtained. 

2. Indicators of Saltnesa of the Waler in Boilers.— The 
■iniDnnt of earthy and saline deposits which takes place in 
the boilers of land engines is not great, and may be easily 
But in steam vessels, the case is very diflerent; 
firom the constant supply of sea water, incrustations of salt 
and sulphate of lime are deposited in the boiler, and, these 
substances being bad conductors of heat, the boiler may 
become red hot, leaks may be produced, or even explosion 
may take piace. 1. The degree of soilness of the ivater in 
the boiler of an engine may be ascertained by means of the 
tHermomeler. Some experiments were made on this subject 




Fig. 78. 
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bjMegsre. Mftudglejaad Field, witli the v 
the water in a boiler al tbc eame temperature, and at 
same degree of eoDceutrBtioQ. They found that sea vatfl 
boiliag under the ueual low-pressure standiird of '2^ pomAl 
on the square inch, will arrive at 226° Fahr. in 24 ' 
at 230° in 48 hours ; and at 232" in 60 hours, &c. ; in 4 
last condition it contains 1 1 -aSnds of its bulk of salL A 
232° the solution is saturated, and salt is deposited, Ih 
concentration iiaving constantly increased with the teo- 
peratura. The density of the water increases with il 
centration, and more heat is required for its evaparalioB. 
Since the temperature, therefore, increases vdtli the conem- 
tration, under the same pressure, the thermonieter beeomei 
an indicator of the saltness of the water, and, accordingl}^ 
of the dan^r to which the boiler is exposed from the ef 
of incrustation. Mr. Dinnen states, that having cnrefiillr 
noted the degree of saturation of the water in the hoilai 
(which were made of copper) at various periodd of the day,dB- 
ing a Toyage from Falmouth to the Mediterrauean and bui. 
the boilers were on each successive examination found per- 
fectly clean and free from marine deposit, with the eieepdoii 
of a slight film, the thermometer 1^ing at 213°,aDd not haw 
varied in excess throughout the voyage, Henee the del»jrf 
"blowing ont" completely on the voyage was ii 
2. Sr. Lardner has suggested the use of a self-rdgisti 
instrnmenl, which should not only indicate, but i 
from hour to hour, the degree of saltness of the water io4 
boiler; this contrivance is founded on the differenet % 
presturea under which the salt water of the boiler, and fiesk 
water of the same temperature, are found to boil. ' 
VBasel of distilled water being immersed in the water of Ibe 
boiler, would always have the temperature of that waUti 
and the steam produced from it communicating with a 
gauge, the pressure of such steam would be indicated hj 
that gauge, while the pressure of the steam in the boilM, 
under which pressure the salted water boils, might be indi- 
cated by another gauge. The difference of the pressor* 
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fctlicated by the two g'auges, -would tliua become a test by 
Blich the saltness of the water iu the boiler would be 
basured. Tlie two pressures might be made to act on 
■posite ends of the same column of mercury contained in a 
Bhon tube, and the difference of the levels of the two 
K&ces of the mercury would thus become a measure of the 

Mill of the water in the boiler." * 3. Aoother contri- 

Bbce for indicating the saltness of the water in the boiler, 
Bd the proper periods for blowing out the supersalted water, 
M been recently adopted by the Meeara. Seaward. It con- 
Bta of the steam gauge (6g. 37, page 95), by which the 
Kel of the water in the boiler is indicated. In the water 
B the gauge are placed two hydrometer balls of different 
■BJj^bt, but both sufficiently heavy to sink in a solution of 
Ut, in which the salt constitutes l-3iind of its endre weight, 
)|itich is the ordinary condition of sea water. When the 
BOilutioa beeomes bo far concentrated that the salt const!- 
bites 6-3'2nds of the whole weight, the lighter hall rises to 
jpe siu^ace, and affords an indication of the necessity of 
pwing out. When the quantity of salt amounts to 6-32nds, 
e heavier ball rises, and Indicates that the concentration 
e proceeded to an injurious degree. When the quantity of 
It amounts to 9-32nds, a deposition begins to take place. 
143, Process of blowing out; Brine Pumps. — In sw>- 
alng Tessela, it is customary at certain intervals to blow 
■( the boilers. This process consists in discharging from 
" e boiler into the sea the whole, or a portion, of the con- 
d salt water, and supplying its place with s 



K!b is effected by means of blaw-off cocks, placed at the 
wer part of the boiler, where the more concentrated and 
' portions of the solution collect: on opening these 
cocks, the weight of the water, and the pressure of the 
■earn acting upon its surface, drive out the water from 
slow. This process obviously involves a loss of time and 
waste of fuel ; the latter was estimated by Tredgold at 

• Larduer On the Steam Enjim, paga 453. 



I 
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l-54th part. In goyemment yessels, the engmeers are 
instructed to blow out the boilers completely every three or 
four days ; in other cases, it is usual to blow out a certain 
quantity of the contents of the boiler every two hours, and 
supply its place with sea water, which is introduced into 
the condenser, where it is mized with the condensed steam, 
and carried to the boiler. By this change of water, a solu- 
tion containing perhaps thirty-six per cent, of salt is dis- 
charged, and its place supplied by a solution containing only 
three per cent., this being the proportion in which salt 
exists in sea water (page 6). Messrs. Maudsley and Field 
have introduced a method by which the saltness of the water 
in the boiler is maintained at a constant degree. This con- 
sists in the application to the boiler of pumps, called hrine 
pump$f for the purpose of discharging into the sea the 
supersalted water, or brine. These pumps, as well as the 
pumps which supply the boiler with sea water, are worked 
by the engine, and are consequently in perpetual action. 
The ingenuity of the contrivance consists in the adjustment 
effected by the two kinds of pump, between the supply and 
the discharge of salt, the brine pumps discharging as much 
salt dbsolved in a small quantity of water, as the feed pumps 
are capable of supplying in a large quantity of water ; the 
quantity of salt thus continues constant, while the difference 
between the quantities of water, supplied and discharged, 
is converted into steam, and devoted to the working of the 
engine. If, for instance, the discharged brine contain 
5-32nds of salt, and the supplied sea water contsdn only 
l-32nd, it will be the duty of the feed pump to supply five 
times as much water as the brine pump discharges; and 
of these five parts, four are available for the purpose of 
evaporation. By means of another happy contrivance of 
Messrs. Maudsley and Field, the brine, previously to its 
being discharged into the sea, is made to communicate a 
great portion of its heat to the supply of sea water. For 
this purpose, the brine is conveyed away from the boiler to 
the sea in a tube, contained within another tube, in which 
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Table qflkt Dimrntiont of the Cylinder of a ilfarjfl 


Steam Eiigitit ofr/ieen Horse poufer. ^M 






« 




NominiJ Power. 












(within). 


Length or Snot 


10 Horse power 


20 Inches 


2 Feet Iw 




15 


24 „ 


2 2 . 




20 


27 „ 


- 6 . 




25 


30 „ 


2 10 » 




30 


32 „ 


3 2 , 




35 


84 „ 


3 3 ,, 




40 




3 6 „ 




45 


aa „ 


3 9 ,. 




50 


40 „ 


4 ,, 




60 


43 „ 


4 3 „ 




70 


46 „ 


4 6 „ 




80 


49 „ 


4 9 „ 




90 


52 „ 


5 „ 




100 


55 „ 


5 6 , 




110 


57 „ 


5 6 rt 


115 


57 „ 


^ s . 




12S 


59 „ 


S „ 




180 


60 „ 


6 tJ 




150 




6 3 , 




m 


65 „ 


fi , 




175 


m „ 


6 fi , 




200 
225 


70 „ 
73 ,, 


7 , 




250 


76 „ 


7 6 ! 




275 


79 „ 


7 9 , 




300 


82 „ 


8 , 




850 „ 


87 „ 


8 fl , 




400 




9 3 „ 




500 


100 „ 


10 , 


i \ 



OF APKLTINO STEAM IN KiKINE ENGINES. 207 

The table shows that the power of the steam engina 
lore rapid!}' than the area of the cyhnder or the 
e of the diameter. By the rule of the square of the 
meter, the power of an engine of 74 inches would be 
out 200, instead of about 223 ; and 100 inches tliameter 
nld give only 333 horse power ; but the same rule would 
■e too small a diameter for the lower powers. The en- 
les of the dimensions stated on the table will all work to 
ire than their Dominal power. In deviating- from the 
ipoTtions g^ven in the table, a longer stroke will be pre- 
sble to a shorter ; and, with the necessary alterations 
piired for bJgh velocities of the piston, a longer stroke 
Biking the steam expansively is likely to be attended with 
my advantages : the pressure and strain upon the work- 
; parts of the engine are lessened in proportion to a 
ran power ; all the parts of an engine may be lighter than 
ith a shorter stroke and a greater diameter of cylinder, 
short stroke has, however, this advantage — that with a 
L length of lever and connecting-rod, tho angles of 
tlique pressure are smaller, and the intervals of time be- 
imum and minimum pressure are shorter. The 
do^ty of the piston in the cylinder of a steam engine is 
Bnerally reckoned in this country at 220 feel a minute, and 
>11 the arrangements of the engine aud its work are made on 
Qui principle. Mr. Kussell says, we can Snd no better 
reason for this than that a horse going at that speed, viz, 
a miles an hour, can draw 150 lbs. for eight hours a day, 
kU the year round. He adds, that the rule is as anlversal in 
Us acceptation as it is groundless and injurioDS ; and that 
ith large condensers, and large porta and valves, doable 
s Speed may be employed with great advantage.' 
145. Mode of applying the Steam in the Mariae Engine. 
~ e mode by which the elastic force of the st 

micated direclly to the moving parts of the engine, may 



* J. Scott RosseH On Sttam A'm^arim, p. 270. 
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the engine for the working thereof, and also to condense for 
the most part (if not wholly) that portion of steam which 
usually escapes into the atmosphere through the safety 
valves, when the pressure of the steam in the boiler is too 
high during the working of the engine ; in order that the 
water resulting from the condensation of such steam, may 
be returned into the boiler. And also, further, to supply 
so much more distilled water to the boilers of the above- 
mentioned description of engines, as is required to supply 
and replace any waste that may take place in the working 
thereof, in order to avoid the introduction of any water (into 
the boilers) containing saline or other extraneous matters. 

*^ My invention does not consist in the novelty of any one 
of the five apparatus hereinafter mentioned, but in the com- 
bination of the whole five, or at least three out of the 
five, within proper proportions (as hereinafter described) as 
regards the first three, which I have found, by experience, 
to be beneficial, and from want of knowing and observing 
which, I have reason to believe that all persons who have 
made former attempts of the same nature have failed. I 
now proceed to describe the above-mentioned five apparatus, 
consisting of — 

*' First, a sufficient quantity of metallic surfaces, in the 
form of vessels, channels, passages, or pipes, of any con- 
venient form, arrangement, or construction. 

'' Secondly, a pump, or any other proper apparatus for 
the passing of a sufficient quantity of cold water amongst 
such above-mentioned pipes, not only to condense all the 
steam of steam engines, but also to cool the water resulting 
from the condensation thereof to as low a temperature as 
(or even lower than) that of the mixture of the condensed 
steam and injection water, which is discharged from the air- 
pumps of injection engines, in order to produce, by such 
application of cold water, when used in combination with 
the metallic surfaces, as above stated, and with the air- 
pump hereinafter mentioned, as good a vacuum as is ob- 
tained, and well known in such injection engines, if not 
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indeed a still more perfect vacuum. The quantity of cold 
water which I employ is ten gallons for such condensation 
of such 60,000 cubic inches per minute. 

" Thirdly, the ordinary air-pump of the capacity here- 
after stated to produce, when in connexion with the before- 
mentioned two apparatus, a sufficiently perfect vacuum, as 
above defined. 

" Fourthly, an apparatus for distilling water to replace 
the waste of water that may take place in the working of 
the engine, in order to avoid, as above mentioned, the in- 
troduction of any water into the boilers containing saline or 
other extraneous matters. 

''Fifthly, an apparatus (which I call the steam saver) 
for saving the steam that usually escapes into the atmo- 
sphere from the safety valves, when it becomes of too high 
pressure during the working of the engine, the apparatus 
causing such steam to pass into the condenser, to be con- 
verted into water, and returned into the boiler. It may be 
proper here to remark, that within certain limits, which 
experience wi^ readily suggest, the above-mentioned pro- 
portions of metallic surfaces of cold water^ and capacity of 
the air-pump, may be varied in a certain inverse order; that 
is to say, if the cold water be diminished, the extent of 
metallic surfaces, or the capacity of the air-pump, or both, 
should be increased. And, on the other hand, if the extent 
of metallic surfaces be diminished, the quantity of cold 
water, or the capacity of the air-pump, or both, should be 
increased to produce the same effect. 

" Having now described the five several apparatus, the 
combination of which (within proper proportions, as herein<- 
before described, as regards the first three) constitutes my 
invention, I proceed again to define and explain the extent 
of my claims; I now therefore state, that I do not claim the 
exclusive use of any one of the five apparatus herein de- 
scribed, taken separately, some of them, if not all, having 
been used before ; nor indeed do I claim the use of any two 
of them, if unaccompanied by any or either of the others ; 
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but I do claim as my inyention the exclusive use of the 
threefold combination of the sufficient quantity of metallic 
surfaces, the sufficient quantity of cold water passing among- 
them, and the sufficiently capacious air-pump, as herein- 
before fully described, whether the said threefold combina- 
tion be used alone or combined with the distilling apparatus 
and the steam saver, or either of them ; I also claim the 
exclusive right of combining the distilling apparatus and the 
steam-saving apparatus, or either of them, with the above- 
mentioned threefold combination, or even with the two first 
of them, videlicet, the metallic surfaces and cold water pass- 
ing among them, should a less air-pump be used. In wit- 
ness whereof," &c. 

148. Mr. Hair 8 Patent Condenser. — The annexed figure 
represents a section of one of a pair of marine engines, 
adapted to the "Hercules," of 180 horse power, with Mr. 
Hall's patent improvements applied to them. The steam 
from the working cylinder enters the upper chamber a of 
the condenser, which communicates with the lower chamber 
f, by means of numerous pipes b b contained in the cistern 
c c. These pipes are surrounded by cold water in the cis- 
tern c c, which enters at the opening c/, and flows off at the 
opening e. The air>pump is seen at ff; by means of the 
air-pump, the water resulting from the condensation of the 
steam in its passage through the pipes b b, together with 
the air and uncondensed vapour, is drawn off from the con- 
denser. The feed-pipe is seen at A, by which the water is 
conveyed from the air-pump to the boiler. In order to 
ensure an equal distribution of the steam amongst the pipes 
b b, a plate k k, perforated by numerous small holes, is fized 
in the upper chamber a, at a short distance from the orifices 
of the pipes. 

149. Mr, Hair 8 Distilling Apparatus. — The figure at page 
216, represents a longitudinal section of Mr. Hall's im- 
proved apparatus for replacing with distilled water any loss 
arising from leakage of water or waste of steam, so as to 
maintain the water in the boiler constantly at the same 
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y hundred. 1 
S6J inches, the 1 

"|6'8. In speaking of tlie vicuum in the condenaer, it 
TOuld save much ambiguity to indicate the elasticity merely 
if the gas in the condenaer. Thus, if the barometer stand 
without at 29J, and the barometer of the condenser at 28, 
night he stated that the steam in the condenser stands at 
ti, being the point of maximum effect; and the indici- 
1 would at aU times convey more precise information." 
(S.Sassell, p. 277.) The rWofiiieposiftons of the cylinder, J 
"enser, and air-pump, in the marine engine, are the same ] 
as in Watt's engines, already referred to. The dimensions ] 
of the air-pump vary from l-B"" to 1-5"' of the volume of 
the cylinder. Mr. Russell states, that half the strolte of the 
t<^linder, and one-third of the area of the cylinder, or one- 
ittiird of the stroke of the cylinder, and one-half of the area 
of the cylinder, are common proportions for the aff-pump. 
147. Mt. Samuel Halt's Pa («i(.— Within the last few 
years, Mr. Samuel Hall, of Basford, near Tfottinghan 
brought into practical operation a plan of condensing steam 
by the external application of cold water, without the pro- 
I of injection. This method was attempted, about the 
year 1776, by Mr, Watt, but was abandoned by him from 
the supposed impracticability of producing an effective 
vacuum without injection, and for other reasons. As the 
advantages proposed by Mr. Hall's patent condenser a 
considerable ; as the apparatus has already been applied 
o many land and marine engines ; and as the success of the 
nvention has a very important relation to the project of 
steam communication with India, the subject will bo here 
treated with the consideration it deservea. The foUowiog is i 
the speciflcation of Mr. Hall's patent:— 

" The objects of my invention (which invenUon I confine 
« steam engines worlted by a vacuum produced by eonden- 
Bation) are to condense, -without injection water (for the 
purpose of creating as good a vacuum as is obtained in well- 
.known injection engines), the steam which passes through 



I 
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hdfhL A ■ttlffif box a < fbcw Ae spfKr pst ^ tbt 
ap p iwf ; ii ii icmaller box, laipcaJcJ fraaikr ^■^m' 
b7 rsdifc, at tbe mete «f the bases i ^JrfneaBMsar 




Fij. 81. 
copper pipe* of itbout one inch internal diameter, open at 
eaoh end, and ptuing through boles in the plate of the box 
a a, ind Uto throogh holes in the plate of the box & 6,- 
tbeM holea are enlarged to reoeiio a tape vwber, iriuch is 
•crewed into close contact with the copper pipe* 1^ meaiu 
'a bras* riog or ferule, so as to fbnn a steam and water- 
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4:ight joint, in the same manner as the joints iif tlie pipes of 
X-lie eondensera are made. Bj this arrangement of tubes, a. 
"^ery estensive metallic surface is obtained in a small com- 
^f>ass, for transmitting heat from the water or steam within 
"tihe boiler, to the water intended for the purpose of distilla- 
'fl^on in vacuo. The metallic box a a is connected with the 
aupper chamber of the condecser bj the pipe *, by which 
IS a vacuum more or less perfect is created within the 
distilling' vessel, according to the condition of the vacuam 
produced in that chamber ^ hence the water will boil at a 
tower temperature than 212°, and evaporate more rapidly 
than if espoaed to the pressure of the atmosphere. To 
regulate the supply of distilled water, so as to maintain the 
Water in the boiler at the proper height, a coelt / is placed 
letween the pipe & and the distilling vessel; when the water 
a the boiler falls too low, the cock i is to be opened in order 
to allow the distillation to proceed; the steam from the 
dutilling vessel passes into the upper chamber of the con- 
denser, and the distilled water resulting therefrom is con- 
yeyed to the boiler along with, and in addition to, the wata 
produced by the condensation of the steam used in working 
the engine ; and, when the additional quantity of water thus 
returned by the air- pump to the boiler haa restored the water 
ts proper height therein, the cock I is to he closed, and 
the distillatioQ stopped. The distilling vessel is comiected 
with the cold water cistern by tho supply pipe e, to which b 
fitted a cock f, and the water is maintained at the proper 
height in the distilling vessel during the distillation by 
means of the float h and the valve g. In order to get rid of 
the impurities deposited in the course of distillation, a pipe 
m, fitted with a cock n, is inserted into the bottom of the 
distilling vessel, and another pipe p with a cock o commu- 
nicates between the distilling vessel and the boiler ; the 
operation is performed by closing the cocks I and^, aod 
Opening the cocks n and o- the pressure of the steam from 
the boiler acting upon the surface of the water in the db- 
tilling vessel, drives it out with its impurities throngh tha 
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pipe ni. Id the flgaro, the copper tubes and the box b , 
llio apparatus are represented as ioserted in the boiler; 
thcnbulcoftbeapparBtoBmaybeplactedoii theoutaideof 
boiler, if tbe pipes be surrounded by, or eoclosed in, a( 
connected bj pipes at the top and bottom with the b« 
150. Mr. HaiCs Steam Saver. — The following 
represents what Mr. Hall terms a steam saver, it! 
beinff to tfauee the stearo which usually escapes at 
safety valve, to enter the condenser, instead of passing 
the atmosphere, bo that the distilled water resulting 
its eondensatioD may be reBtored to the boiler by the i 
of the air-puaip, or any other suitable 
vessel a a, closed at the top and 
open below, is plunged into mer- 
cury contained in a circular 
groove or cavity formed between 
two concentric cylinders bb,bb. 
These cylinders are supported 
upon a square box, which is 
closed at the bottom, and com- 
municates with the boiler by the 
opening c, and with the con- 
denser by tile bent pipe d, to 
which latter is fitted a sliding 
Yalve f. The cylinder a a is 
loaded by the weight g g sus- 
pended within it, to which is 
attached the fi'ame hh; the stem 
of the valve f is attached to this 
firame, and the stem of the valve 
e works freely in a hole in the 
frame, and baa a nut at the 
upper end, at a amall distance 
above the lower bar of the frame. 
The action of this apparatus is 
as follows: When the steam does 
rot exceed the regular working 
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pressure, the yalves remain in the position shown in the 
%iire, the inverted cylinder heing kept down hy the weight 
g g: hut when the force of the steam b sufficient to over- 
come the resistance of the weight, the inverted cylinder is 
raised hy the pressure of the steam, and draws up first the 
small vsJve f, so as to open the aperture in the valve «, and 
allow a portion of steam to escape into the condenser ; and 
as soon as the nut on the stem of the valve e rests on the 
frame h A, the continued ascent of the cylinder a a elevates 
both valves together, and uncloses the aperture of the pipe 
<f, so as to offer a larger opening for the passing off of the 
steam. When the steam within the boiler b reduced to the 
working pressure by the requbite escape through the steam 
saver, the valves e and / descend along with the inverted 
cylinder a a, and close the openings. 

151. Comparison between Injection Steam Engines and 
Mr. Samuel HalVs Patent Steam Engines, — 

(1.) Injection engines. The patent eng^es effect a 



when applied to steam navi- 
gation, comprise of necessity 
the har barons practice of 
supplying dirty and salt 
water to the boilers. 

(2.) In injection engines 
the water in the boilers may 
become saturated with salt, 
in which case it will not boil 
under 225® of temperature. 



(3.) In injection engines, 
in order to prevent the water 
from becoming saturated 
with salt, a large quantity 
of boiling water must be 
pumped out of the boilers, 
or blown off, and replaced 



supply of the purest dbtilled 
water to the boilers, by which 
they are always kept in a 
perfectly clean state. 

The patent engine, having 
pure dbtilled water in the 
boilers, it boib at 212®, or at 
IS® less temperature than 
salt water, and of course 
requires less fuel to convert 
it into steam. 

The patent engine boiler 
never requires any blowing 
out, no matter how long the 
engines are in uninterrupted 
operation. 
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with cold water every two 
or three hours, which cold 
water, having to he hrought 
up to the hoiling point, 
causes a considerahle waste 
of fuel to take place. 

(4.) In injection engines, 
the boilers will, after every 
precaution is taken, become 
coated with hard scale of 
considerable thickness ; this 
being a bad conductor of 
heat prevents the free trans- 
mission thereof from the fire 
to the water, causes the 
boilers to burn and wear out 
very rapidly, and greatly 
increases the consumption 
<si fuel. 

(5.) In order to prevent 
the boilers of injection en- 
gines from burning and 
wearing out, with a rapidity 
that could not be submitted 
to, it is necessary in long 
voyages to suspend the 
working of the boilers, in 
order to empty and cool 
them, for the purpose of 
clearing away and chipping 
ofP the scale that firmly 
adheres to them, which ope- 
ration considerably injures 
the boilers. 

(6.) In injection engines, 
the oil which is put into 
the cylinders, stufl^g boxes. 



The patent engine boilers 
will be perfectly clean, not 
only for many voyages, but 
for years, and their durabi- 
lity will be very much greater 
than that of boilers supplied 
with salt water, and a com- 
paratively small consump- 
tion of fuel will also be the 
result. 



In the patent engines, all 
delays and inconveniences 
arising from the emptying 
and cleaning of boilers are 
entirely superseded, for by 
their permanent cleanness 
the water they contain en- 
tirely defends them fit>m the 
action of the fire, and as no 
deposit takes place, they are 
not subjected to the injuiy 
caused by chipping off scale, 
as in injection engines. 



In the patent engines, not 
a particle of the oil which is 
given to the internal puts 
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slides, kc, is speedily car- 
riad away by the injection 
water into the sesj the time, 
therefore, of its being in the 
engines is so short, that 
nine-tenths of it is wasted, 
and does but little, if any, 
|j;aod, and it does not, as in 
the patent en^nes, enter the 
boilers and protect them 
from the corrosive action of 
liot salt water. 

(7. J In injection engines, 
a portion of file salt con- 
tained in the water is carried 
over mechanically along with 
the steam into tho working 
cylinders, slowly corroding 
and wearing the slides, 
-valves, aod other internal 
parts of the engines, where- 
by they are rendered untrue, 
and a considerable quantity 
of steam escapes pitst them, 
and is wasted. 



(8.) In injection engines, salt 
water, dirt, sand, and other 
impurities, pass through 
the air-pumps, and thereby 
render them and their pis- 

m-rods, &c., very rough 
and full of furrows, in con- 
sequence whereof great fric- 
Q in working them, and 



of the engine, &c., is washed 
away into the sea, or lost, 
but it is all carried into tha 
boilers, whereby they are 
protected from corrosion, and 
an ample lubrication of the 
engine is effected at scarcely 
any cost, as hereafter ftu 
tioned. 



In the patent engines, a 
portion of oil being always, 
as before stated, introduced 
in connexion with the pure 
water into the boilers, it 
passes over mechanically 
along with the steam in 
minute particles into the 
cylinder ; thus, this ample 
lubrication actuallyimproves 
the slides, valves, and other 
interna] porta of the engines, 
instead of injuring them, 
whereby a great saving in 
their wear and tear is ef- 
fected. 

In the patent engines, no- 
thing but distilled water and 
oil pass through the air- 
pnmpa, which, instead of 
becoming rough, are thereby 
rendered more smooth and 
polished; and, of course, 
brass buckets, piston-rods, 
and hinges to the air-pumps. 
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waste of power, are occa- 
sioned. 

(9.) In injection engines, 
a considerable power is re- 
quired to pump out the in- 
jection water ; in engines of 
450 horse power (like those 
on board the Great Western) , 
2700 gallons of water have 
to be pumped out of a va- 
cuum (reckoning six gallons 
per horse power per minute), 
and this requires as much 
power as the pumping of 
that quantity of water out 
of a well, 80 or 82 feet deep. 

(10.) In injection engines, 
in stormy weather and heavy 
seas, the condensing water 
enters the condensers as ra- 
pidly when they are going 
at a slow, as when they are 
going at a fast, speed ; and, 
as it is impossible to regpi- 
late the quantity of injection 
water according to the irre- 
gularity of the speed of the 
endues, great danger arises, 
on the one hand, of choking 
the condenser and the air- 
pump, and of even breaking 
down the engines, by the 
admission of too much water 
when they are going slow, 
or, on the other hand, of 
deducting greatly from the 



are not necessary, as is the 
case in injection engines. 

In the patent engines, the I 
air-pump has only to pump 
out of the vacuum, the water 
resulting from the conden- 
sation of the steam, which 
in a pair of engines of 450 
horse power is only about 
50 gallons per minute ; the 
saving of the power, there- 
fore, required to pump out 
the 2700 gallons per minute 
of injection water, is so much 
additional effective power 
gained, and applicable to the 
paddle wheels. 

The patent engines, in the 
roughest weather, and when 
the gpreatest power is re- 
quired, preserve as perfect 
a vacuum, and consequently 
as g^eat a power, as in fine 
weather; and all the care 
required in injection engines 
to supply the proper quan- 
tity of condensing water, is 
superseded, and the eng^eer 
is relieved from that onerons 
duty. 



^^^^* 
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Second; — For every ion of c.atl that is saved, i 
profitable freight may be substituted. 

Third ;— As resscls with engines to which these i^lpIOT^ I 
meots are applied, make tbeir passages nearly as quick ii ' 
stormy as ia fine weather, and as they do not require di 
or at the end, of their passages, however niunerotu, aiij 
blowing out or cleaning of the boilers, to occasion deby, 
every such vessel is capable of making more passages, tai 
of becoming in that ratio more pro&tsble. 

Fourth; — Aa boilers supplied with pure distilled natei 
will endure a much greater length of time than those in 
which salt water is used, not only is the annual expense (J 
the boilers greatly diminished, but the loss of the time of 
the profitable use of the vessel during the taking out of <Ai 
boilers, and the replacing of Ihem with new ones, u liao 
avoided — to say nothing of the breaking up of the deab 
and other expenses attending the business. 

Fifth ; — As the internal parts of the engines are k^tio 
mneh longer in repair, owing to the causes already men- 
tioned, the perpetual expense and time required in repuring 
sucli parts ia greatly diminished ; indeed there is no donbl 
that the slides, valves, pistons, and aU the internal parti of 
the engines, are in much finer condition, ailor having beoi 
in constant operation for years, than they arc the first dif 
they are set to work. The circumstance of salt being ar- 
ried over with the sleam into the cylinders (when salt w 
is used in the boilers) is unquestionable, as well si 
being the cause of the valves, and other internal puis of 
the engine, becoming bo soon in bad condition, whereb)' 
a great waste of steam takes place, even long before tbej 
become so very much worn as to render it indispensahlj 
necessary to give them a thorough repnir. 

158. General Remarks on the foregoing Subject. — 1 . The 
increased simplidty in working the patent engines may be 
more fully noticed. The regulation of injection water, and 
of the water to supply the boilers, now forms no part of the 
duty of the engineer, as they are quite superseded by no 
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injcotion takiag place, aad the boilers bein^ self-supplied 
with imdeTiating accuracy. It need scarcelj be added how 
important it is to the safety of Tessels to have enpneers 
£resh and iintired in stormy weather, instead of being so 
ided and faligued as not to be able to perform their duty. 
. The comparatiTe advantages of the patent engines are not 
3 great on llie firsi; starting of nevr engines, or even during 
lie first month or two ; for then the boilers and machinery 
f injection engines are as clean, and in as good order, as 
Jose of the patent engines ; but nfter that lime, and when 
le boilers of the former become tbiclily coated with scale, 
nd the internal parts of the engities are worn and galled, 
rliile thoEC of the latter are actually improved, the compa- 
tson should be made. 3. It is quite certain thai a vessel 
lith the pBitent engines, of 300 liorse power, will ( 
icreaso of economy and advantages of i£2500 or £SO00 per 
onnm over a vessel having iTijection engines of that povrer; 
Mnsequently, the former will realize so much greater a 
rofit, 4. Much has been said of the coat of these improve- 
lents; but the additional eipensQ of copper boilers is at 
tast double that of this apparatus ; and it is agreed by all 
trties, that common engines must have cop]ier boilers on 
board vessels intended for India, but that with the im- 
^ved engines iron boilers will answer equally well, if not 
ieed in many respects belter. 

154. Account of the " Queen" Steam' Vessel. — la eon- 
Bequence of a statement which appeared in several of the 
London papers in the month of November, 1841, to the 
effect that the " Queen" steam vessel, which was engaged 
in the late China expedition, "having Hall's condensers, 
was often out of repair," the following testimony of Mr, 
Lambert, late superintending engineer of the "Queen," 
muat be highly satisfactory to Mr. Uall, and to every one 
who feels a just interest in the success of bis undertaliing. 
Mr. Iiambert, in a lotter addressed to the editor of a London 
paper, pledges his word that the statement is tinliue ,- he is 
at a loss to conjecture who could be the author of so un- 
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fouoded a statement. — "It twrtwnly was nnt the com- | 
luander of the vessel. Captain Warden, for he was alwajs 
as much delighted with the operation anil effects of the con- 
densers as myself, and particularlj with that of teepingtbe 
boilers su clean, that we actually did not open Ihem for 
ns months togetlier, and upon one of these 
when Captain Warden was examining them, lie 
exclaimed, that 'the boilers were as clean as if they hadbeeo 
cleaned ont with a brush.' Nor could the statement ii 
question come from any of the snh- engineers, for the 
iminenso saying of labour and trouble to lliem by HbQ'i 
condensers, renders the management of a pair of enginH 
almost a. sinecure in a hot climate, compared with that cJ 
injection engines, I must say, that I am astonished to find, 
on my return from India, that the patent engines are nol 
universally adopted, especially for hot climtttes, where they 
obtain an extremely superior vacuum. We had on the 
' Queen" a vacuum superior by 2^ inches to the average 
vacuum produced by other steamers, all circumstances in 
each being the same. 

"I went out from England in November, 1839, as the 
Honourable £ast India Company's superintendent engi- 
neer of the above-mentioned war steamer (aa already 
stated), and I remained in her while she was in India, and 
on her passag-e to Macao and Chusao, in China, until I in* 
invalided from her in May, 1641, and I deem it no man 
than justice to the invention to declare, that during thi 
whole period her engines were never out of repair, so as *t 
all to interrupt her operations, although frequently engaged 
with forts, especially with tliose of the Bocca Tigris, i 
that Hall's condensers always acted in the most e 
manner i the boilers (as above iotimateii) being, ( 
quently, at the time I left the vessel, as clean as vrhen fl 
were new ; in fact, I assert that, with mi 
tion, engines with those condensers are much less liable 
to get oul of repair than those with the common conden- 
sen, while the former are beyond comparison safer t 
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the latter, and relieve the mind of the eng:ineer irom his 
greatest anxieties, viz. the maDagement of the injection 
and the ■working' of the boilers, required by the latter, 
I have no hesitation, therefore, in assuring you, tliat the 
Statement which I have quoted from the newspapers, yia, 
that the ' Queen,' on account of having Hall'a condensers, 
often out of repair, is as untrue as it is unjust to the 
patentee, and I am confident tliat Captain Warden, and the 
engineers who have espariencod the comforts they have de- 
rived from those condensers, will corroborate my testimony, 
" I may here, in conclusion, niention, that in May last, 
■when at Calcutta, I went on board the steam-ship ' India,' 
4nd examined her engines, which have Hall's as well as the 
condensers applied to thein, Tliey are fitted in 
inch a manner that either of them may be used at pleasure, 
And the one can be exchanged for the other in a quarter 
of an hour's time. The superintendent engineer, Mr. A. 
Thompson, however, informed me, that the former cunden- 
had acted in so satisfactory a manner from the time of 
leaving En gfland, that they never in any one instance had tc 
resort to the use of the common condensers, although that 
might have been eo soon and easily done. This I CO 
to be a sufficient proof that Hall's condensers acted ai 
fectly on board the ' India' as on board the ' Queen.' " 

155, MnporU of the " MegiBTa" Steam Vessel. — About 
four years agw, the steam vessel " Megtera" was fitted up 
■with Messrs, Seaward's engines, and Mr. Hall'a condenser, 
and proceeded to the Mediterranean. At first, so little w 
the principle of the invention understood, that the boiteri 
were aciudUy filled with sail water (!J: the iteam mas 
blown off into the atmosphere (I); and, the water in the 
boiler being thus diminished lastcr than the still could sup- 
ply it with distilled water, the boilers were replenished 

\lt water (! ), running it through the still ; &c. After 
this extraordinary mis- management, Mr, Hamshaw, the 
aiiperin tending engineer, undertook, to ascertain whether the 

of the vessel arose from defect in the principle, 
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the manngement, of the eondeoaers. In a letter, dated from 
UaUa Yard, Sep. IQ, 183H. be observes :—" The first thing 
I attended to, was to the action of the 8lill, to 
whether il distilled auffieient water for the boilers (prorided 
steam was not blown off), and abo -whethei 
( free from salt, and both results were galiefaclorilg 
proved; for in tlie apace of nine boura a conaideiuble in- 
r took place in the boilers ; and I have not 
the least hesitation in saying that, provided Mr, Hill's 
improved engines were properly managed, tbey are the moil 
complete equipment of marine machinery thai kaa wer 
been fitted to a steam vessel." 

The following extracts, taken from the government 
" Reports," of the performance of the "Megasra," for the 
month of January, 18-10, fuUy justify the opinion of the 
engineer above staled. "In every respect, and on ever; 
point, tlie performance of the vessel has been most satisliie- 
tory. Whatever ineffleieney exists, is to bo attributed to i 
want of power in the engines. After two years' almoat 
constant work, we can speak favonrably of the general ctm- 
Btruction and efBciency of the engines. The power of the 
several parts of the engines appears to be well- proportioned i 
if any exception is to be made, it may be that the cold nrala 
pumps attaelied to 'Hall's condensers are not of Bufficieot 
power. Tliia remark, however, must not be interpn 
the disadvantage of the condensing apparatus, Ihtat 
nothing can be more iatisfactoTi/ and ben^cial to 
Majesfy's service, the best proof of which is the 
very 1 ne condition of the interior of the boilers. These, 
when examined in October la^t, presented as good an ap- 
pearance as when first put in place two years ago." A 
simitar report of the performance of this vessel ^ 
June, 1840. The water had been recently blown out of { 
boilers, tchere it had been since October last, and ike 
terior was found in the highest state of preservation. 
August, 1840, it is stated, that the engines were at work 
Is of 500 hours during that month, and were in ever/ 
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l|espect efficient. !□ Auguat, 1S4I, tlie report states that the 
Berfannance of the vessel was in every respect eatisfactory, 
Except as to speed. A similar report was made in September. 
■' 156- Reports of the " Volcano" Steam Vessel. — The 
I *• Volcano" was built and equipped at the same time as the 
"Megcera," and by the same manufacturers, the Messrs. 
Seaward, of Limebouse. The "Megiera" was fiunislied 
■with the patent condenser of Mr. Hall, the " Volcano" with 
n injection engines. The monthly reports of the per- 
formance of the latter vessel, from February to September, 
inclusive, for the year IS-iO, are favourable: — "The engines 
■iTe well constructed, and the bearings well adjusted, and 
in good repair, and would no doubt answer very well for 
e years to a vessel of 500 tons. Had ehe power equal to 
f-3rd of her tonnage, would be a very efficient vessel; but, 
with her present power, will not steer, blowing hard, against 
a heavy head sea. The boilers will, no doubt, last welt for 
n years, with the addition of new side plates to the fire- 
In November, 1340, it is stated in the monthly 
zeport that the pipes are generally defective, viz. blow-off 
^pe, injection pipes, bilge pipes, blow-through pipes, &c. 
The boilers appear, also, to have been out of repair st this 
time. A survey was accordingly held, and the boilers were 
found so defective in the take-ups as to require to be sent to 
England for repair. The vessel was accordingly sent home 

(for repair in January, 1841. It is right, in giving these 
brief notices of the performance of two vessels, fitted up on 
a different plan of condensation, to add that the boilers of 
the "Megaira" were made of iron, those of the "Volcano" 
of copper. How far the comparison between the perform- 
ance of the two vessels may be affected by this circumstance, 
remains to be decided.* 
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For thD '■ ReponB" of the two steam vcaaels, above noi 
Btithdr ia indebted to the courtu;y of the Lords Commissi 
the Admiralty, wba aSbrded bira every iocilily far abtaiaitig tbe ii 
formatioD be desired. 



157 Voijage of the "Briiish Queen." — The "Britisli I 
Q,ueen," the noblest vessel ever constructed forTransatUiitie I 
navi^lion, was provided with Mr. Hall's patent condengei*. 
By reference to the engineer's log of this ship, during her 
fourth voyag-e from New York to London, it appears th»t 
the mercury in Bedwell's patent barometer, affixed to the 
engines of the vessel, stood steadily at SOJ iocbes. 
Peterson, chief engineer of the " British Queen," 
serves;—" The eitraordinary vacuum produced in these 
engines is unrivalled by any engine or engines in the world. 
I believe it impossible for engines on the common plan of 
eoodenaation to produce a vacuum any thing like this. The 
vacuum, indeed, in the best sea-going injection engines, 
averages only 27J inches, and the fastest river boat on tlie 
Thames never yet exceeded it. The great increase of 
power, derived from the use of the patent condensers, is 
therefore self-evident. Having had the charge of another 
pair of engines,' fitted with Mr. Hall's condensers, viz. those 
of H. M. S. V. ' Megsera,' made by the celebrated firm of 
J. and S. Seaward and Co., and having experienced nearly 
the same result, I feel I should not be doing Mr. Hall 
justice if I did not express my firm belief, tbot if all tiie 
vessels in which hie condensers were fitted had been pro- 
perly managed and understood, the same successful results 
would have been the consequence. I have only mentioned 
the increase of power derived from Hall's condensers; hut 
the numerous other advantages derived from their use are 
so well known, as scarcely to require repetition — the clean- 
ness of the boilers, the fine condition of all the internal 
workmg parts of the engines, &c., and owing to the use of 
the distiOed water only. The ' British Queen' went from 
London to New York, last voyage, and returned to London, 
leil/i the same water in ker boilers, and without the least 
addition of wafer even to start with. In fact, the boilers 
were not opened from the time of leaving London until h 
arriving there again, when the water was perfectly p 
'n fact, seen any boilers so clean, and » 




m deposit of an; sort. It is wortli; of remark, that 
:. Hall's beaatiful plan of distilling in vacuo, not only 
Supplied all occasional waste of water, arising tkim steam 
japing from the safety valve, &c., but also furnished a 
e quantity of distilled water for the ship's use." The 
IS, power, and performance, of this incomparable 
s the following': — length from flgure-head to toff- 
nil, 275 feet ; length of the upper deck, 245 feet ; breadth 
Iwtwoen the paddle boxes, 40 feet; breadth over all, 61 feet; 
leptta of hold, 27 feet ; diameter of paddle wheels, 31 feet ; 
dlBmeter of engine cylinder, 6 feet 5^ inchesj length of 
Itroke, 7 feet ; power of engines, 500 horses. This vessel 
left Portsmouth on the ad of March, 1840, at 12-40 p. m., 
Mad arrived at Sandy Hook oo Wednesday, )8th March, at 
a.m.; total number of revolutions, 291,650 ; coals con- 
ned, 635-4 tons. She left New York on the 1st of April, 
1840, at 2-80 p. ra., and arrived at Spithead on Thursday, 
16th April, ate p.m. i total number of revolutions, 263,400j 
«oala consumed, 6\S tons IG cwt.* 

158. Howard's method of generating Steam. — A new 
method of generating steam was introduced a few years ago 
by Mr. Thomas Howard, The novelty of this plan consists 
in the production of steam from the smallest possible quan- 
tity of water on a small surface, and this, without the uie of 
a boiler. The advantages proposed by this contrivance are, 
considerable economy of fuel, reduction in the weight of the 
machinery, diminution of the space allotted to flues, absence 
of smoke, and avoidance of deposit and incrustation. 
Howard observes, in the specification of his patent, that u 
the ordinary method of generatiug steam by means of boilers, 
a body of water is exposed to a lii^e surface of metal, from 
which it receives a comparatively low degree of heat ; and 



• The dimensions of the unfortunate " President" varied ii 
great degree from those above given; her cjlindcr hnd a larger 
diameter, nnd there wae a greater length of stroke. The power of 
her CDginea iraa that of 6UU horses. 
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that, as the temperature of water bears a constant rehtioil ! 
to the deasily or pressure of the steam (pa^ I: 
rapidity of evaporation is thereby limited. In the new pn>- 
cens of Taporiiatiun, the power of the engine is derived from 
the generation of stt-ara from the least posable quanlitj d 
water on a small surface, heated to and maintained at ancb 
a temperature (about 4(10" FahrJ u will vaporiie the wat«r 
with the utmost rapidity; tlio ateam so formed having ■ 
high temperature, but relatively a low deuaity or pressure, 
and being, therefore, capable of parting wilk more or l«ai 
of its heat without undergaiog condensation. The suriaM 
enpoaed to the fire is preserred from the injurious effecfa of 
a trtrong local heat, by the interposition of mercurj; wMk 
tlie vaporiiiog- surface is preserved from deposit by the con- 
tinued use of the same water, as in Mr. Hall's apparatus. 
In Mr. Howard's engine, aicohol, or other liquiils, maybe 
substituted for water. In describing this apparatus, the 
mode of generating the steam will first he explained, and 
then the method of producing a vacuum by condensation. 

(I.) The mode of generaliag the steam is aa follows. A 
plate of wrought iron is placed horizontally oTer a fin (fill 
coke or anthracite coat, the combustion of which is 
laCed by a blowing apparatus ; the snrface of the j 
exposed to the fire is about three-fourths of a square ft 
for each horse power of the engine. A second plate is fl' 
above this, at a distance of about three inches, and i 
secured to it by means of a strong ring of c 
depth, to which the circumferences of both the platmri 
tightly bolted. The surface of the upper, or t 
plate is increased to about four times that of the lower,--! 
lire plate, by the insertion of shallow cups of about 1 
inches in diameter throughout its entire surface; then 
are open above, and closed below, where they dip towi 
the lower plate. The intermediate space between thetl 
plates is filled with mercury. The temperature of ti 
mercury should never be allowed to rise aboye 500° Fall 
nor to tall beluw 350°; the combustion of the tad. is r 
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lied for the purpose of maintaining the due temperature. 
Upon the upper plate is projected, at mtervala, by means of 
t pump, a nozzle, and a valve, a small quantity of water 
, water cistern ; this water is inalantlj converted 
into Bteamof veryhigli temperature; the steam is conducted 
into a chamber surrounding the working cylinder, where it 
receives additional heat from the hot air of the flues which 
cirenlates round this chamber ; the steam is then directed 
to the cylinder vahea in the usual way. This apparatus is 
expressly intended for working the steam expansively, the 
|)ressure being generally about ten pounds on the square 
Dch abore that of the atmosphere, and the steam cut off 
■>Dm the cylinder at about a third of the stroke. 

(2.) The process of condensation is as follows. The 
ita is conveyed from the cylinder, by means of an ediic- 
1 pipe, to the condenser, as in the common engine. A 
of distilled water, from a vessel purposely provided, is 
Ulowed to play into the condenser, by which means the 
s condensed, and mixed with the diatilled injection 
rater. This warm lirjuid is pumped out of the condenser 
1 the usual way; it b then cooled by being conveyed 
Oirough a copper worm of many coils, which is iimnerBed 
n cold water, and terminates in the vessel of distilled water; 
it thus serves to supply the demand for injection. By 
■ entirely filling the worm, and partly filling the hot water 
Bristem, before the engine starts, a sufficient (luantity of 
^Eirater is provided for eireulalion. A still is employed for 
^Bnpplying any waste of water, caused by leakage, and ia 
^F«ttaehed to the flue of the vaporizer. An apparatus of this 
W kind was fitted, in 1835, to the government steam vessel 
Comet, which, in a trip from Falmouth to Lisbon, con- 
sumed only one-third of the amount of fuel required by this 
Teasel when worked by the common engines ; the consump- 
tion withMr.Howard's engine being less than 250 lbs. of coke 
per hour, whereas with the eommoa engines it amounted to 
about SOOlbs. per hour. Mr. Howard's mode of condensa- 
tioD may obviously be applied with equal success to the 
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common engines provided with boilers. The principle nI I 
Howard's engine has been noticed at pa^e 33. I 

159. Of the Valves and Eccentrics. —The several kinds ol ] 
TAlre attached to steam cylinders, and the mode oFworktng 
the valreB by eccentrics, have been fully described in ehip- 
terVII. I. It is important that the valves, and the paseaga 
connected with them, should be of considerable size, fortke 
velocity of the piston is obviously proportionata to the stem 
spertures; when these are of sufficiently large dimenBioDB, 
the speed of the piston may be iocreased to 5O0 feet i 
minute. The usual allowance for the dimensions of the 
valves and passages leading into the cylinder is l-2StIi of 
the area of the cylinder; those leading into the condenKf 
should be latter in cases of great speed: they havebcwn 
made 1-I2th and 1-lOth of the area of the cylinder. The 
valves usually employed in marine eng^es are the ionj 
D-Blidea of Murdock, and the four-port iiJidea of Messis. 
Seaward, already dcEcribed. 2. The position and acdon rl 
the eccentric may he readily understood by referring to fli« 
figures at pp. 120 and 20S. The former figure represents a 
eceentric; the latter, all the moving parts except the eccen- 
tric; the imagination of the reader will suggest the roodflot 
adapting the former to the latter. If the position of thi 
eccentric, as seen in fig. 56, be supposed to be inverted, iu 
point N applied upon the point a, or axle, of fig:. 78, and the 
series of levers I h connected with the slide valves attacbei 
to the side of the cylinder, as in figures 2 and 4, of tb 
plate, page 165, it -will at once appear how the rotatag 
motion of the shaft of the steam vessel cummitnicates, taj 
the intervention of the eccentric, a reciprocating motion t4 
the slide valves of the cylinder. The eccentric is shown h 
aitu m the engraving of the marine engine. (See Frontis- 
piece.) It is generally placed loosely on the shaft, so aa K 
admit of its working the valves in the forward and the back- 
■ward direction. 3. The nice adjustment of the slides is in 
essential point; they should not open and close the steal 
passages of the cylinder precisely when the piston is at tha 
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termination of its stroke, but a little before this period ; 
more time is thus allowed for the condensation of the steam, 
and the production of a better yacuum, and the advantage 
is gained of working the steam ezpansiyely ^vithin the 
cylinder. 4. An apparatus of the following kind is gene- 
rally employed for cutting off the steam at certain periods 
of the stroke, so as to allow the steam, already introduced 




Fig. 83. 

into the cylinder, to work expansively. The steam tube 
S S, proceeding from the boiler, is furnished with a yaJve 
V, placed at some part of the tube before it opens into the 
valve-case ; the spindle of the valve passes through a stuff- 
ing box, and is raised and depressed by means of a series 
of levers, two of which are seen ai d d, A represents the 
paddle shaft, upon which are fixed two projecting parts, or 
cams, a a, the breadth of which is proportioned to the 
extent of the stroke which is cut off. As the shaft revolves, 
these projections act upon a puUy ft, which is pressed closely 
to the shaft by the weight w. From the position of the 
levers, and the connecting-rod J c, it is evident that the 
valve y is opened and closed twice during each revolution 
of the shaft. 

160. Recent modijications of Engines . — Messrs. Maudsley 
and Field have recently introduced some modifications in 
the construction of the steam engine, with the view of 
bringing the expansive principle of steam into more ex- 
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tended operation. In order to effect this with steam of 
low pressure, it is necessary to increase the area of piston 
surface upon which the expansive force of the steam acts ; 
this object is obtained either by enlargement of the cylinder, 
or by the adaptation of two cylinders to one engine ; both 
of these plans have been made the subjects of a patent by 
Messrs. Maudsley and Field. 1. In the engine with the 
enlarged cylinder, there are two piston-rods, connected at 
their upper extremities by a cross bar ; to this cross bar is 
attached the connecting-rod, which drives the crank on the 
paddle-shaft; the paddle-shaft is situated above the cylinder, 
but below the cross bar which connects the two piston-rods. 

2. In the engine with two cylinders, the two piston-rods are 
connected at their upper extremities by a cross bar ; to this 
is fixed an axle which is driven upwards and downwards 
between the cylinders ; to the lower part of this axle is 
attached the connecting-rod, which is driven up and down 
with the axle, and which at its upper extremity drives the 
crank of the paddle-shaft ; in this engine, the paddle-shaft 
is situated above the cross bar which joins the piston-rods. 

3. Mr. Francis Humphry obtained a patent for a new kind 
of engine, which has been fitted to the steam packet Dart- 
ford. By this mode of construction, the connecting-rod 
which works the crank is attached at its lower extremity to 
the piston itself; hence, there is no piston-rod, but, instead 
of it, a steam-tight case, which is permanently attached to 
the piston, and works up and down with it in the cylinder ; 
the connecting-rod passes up through an aperture in this 
casing, and is attached at its upper extremity to the crank. 



OF PADDLE WHEELS. 

161. Common Paddle Wheel, — At each extremity of the 
shaft of a marine engine is placed a wheel, by the revolution 
of which the vessel is propelled. The wheel may be regarded 
as a series of levers, arranged in a circle, and brought sue- 
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cessively into action; each lever consists of a radius, or 
arm, proceeding from the centre, and terminating in the 
circumference, of the wheel, where it is attached to a paddle 
hoard, or float ; the fulcrum is obtained by the reaction of 
the water upon the paddles ; the resistance to be overcome 
is that of the water opposed to the progress of the vessel, 
and acting on the centre of the wheel ; the power by which 
the resistance is to be overcome, is applied by the cranks of 
the engine upon the shaft which connects the centres of the 
wheels ; by the action of this machinery, the vessel is pro- 
pelled in the opposite direction to that in which the paddle- 
boards, or levers, revolve. The outline of the paddles is 
commonly rectangular, though Tredgold considers that the 
parabolic form would be advantageous, by securing an equal 
resistance with less breadth; that by this form the resistance 
to the paddle is least when it strikes the water obliquely at 
its first contact with this medium ; and that the resistance 
increases as the action of the paddle becomes more direct. 
It is evident, by the most superficial observation, that a 
considerable amount of force is lost by the position of the 
paddles on the wheel: these boards, being placed on the 
circumference of the frame, in a plane which passes through 
the axis of the wheel, strike the water obliquely on entering 
it, and lift a considerable quantity of water on quitting it ; 
both of these actions occasion a loss of power, the action of 
the paddle being direct only when it is in a position exactly 
between these points, or, in other words, when it is in a 
vertical line below the axis, or at the lowest point of the 
wheel. This will be rendered obvious by the following 
diagram. A B represents the water line, and CDF three 
of the paddles. Of these, D is acting in a horizontal direc- 
tion, and is at the point of useful efiect ; but C, which is 
now entering the water, is at an oblique angle to the hori- 
zontal motion of the vessel, and will continue to be oblique, 
though in a decreasing degree, until it reaches the position 
of D ; at the same time F, from the moment of its receding 
from the position of D, has been moving in a direction more 
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and more oblique, and is now throwing up water, which it 
projects towards the stem of the vessel. Here, therefore, are 




Fig. 84. 

two causes of loss of power — the one termed the oblique 
action, the other the back water. Another disadvantage 
resulting from the oblique action of the paddles, is the 
shock which they experience on entering the water, — a 
point of time when the resistance is the greatest, and the 
useful effect of it the least. Other inconveniences arising 
from these successive shocks, are, the intermissions occa- 
sioned in the equable action of the wheel, and the tremulous 
motion or vibration communicated thereby to the vessel. 
These are serious defects in machinery constituting the 
immediate means of propulsion, and have hitherto baffled 
the ingenuity of inventors to provide a remedy for them ; for 
it is evident, that the paddle wheel is extremely liable to 
injury, and frequently under circumstances which preclude 
the possibility of repairing the complex contrivances which 
have from time to time been suggested as improvements on 
the common form of paddle wheel. 

162. Field's Cycloidal Wheel— hi 1833, Mr. Field, of the 
firm of Maudsley and Field, constructed a wheel with^x^cf 



laddies, the objeot of which was to ditoinbli the loss of 
oner arising from oblique action and back water. The 
wentor describes it in the following terms: — "Each board 
I divided into several parts, or narrower boards, and 
rraoged in, or nearly, such cycloidal curves, that they all 
nter the water at the same place in immediate succession, 
tius avoiding the shock produced by the entrance of the 
Ommou board, so unpleasant to pnsaengers, injurioiiB to 
be vessel, and wasteful of the power. As the acting face 
f eacb board is radiating, it propels while passing under 
he centre in the ordinary way, and when it emerges, the 
rater escapes simiiUaneously from each narrow board, and 
onsequeotly cannot lop-up." This form of wheel has also 
1 termiiii the split paddle wheel, from the division of its 
t into several parts j the number of these parts was at 
, six or seven, but it has been reduced to onlj two, 
T reduction having been found to be attended with 
intage ; in its most reduced state, its form is not far 
omoved from that of the common wheel. The following 
figure exhibits the construction of the cycloidal wheel, a 




fitted to the Great Western steam ship by Messrs. Maudsley 
and Field. The split paddles are placed on the arms of the 
vbeel in the direction of the curve a b, which is a portion 
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of a simple cycloid ; the several parts of the paddle must 
therefore enter the water at the same spot, and in the same 
direction ; in other words, they enter the water in a curved 
direction, hy which means the shock and the resistance of 
the common float are prevented. When immersed in the 
water, the several parts no longer follow each other, but act 
as so many small independent radiating paddle boards. On 
emerging from the water, the motion of the several parts is 
still independent of each other, and the water is thrown off 
without the violence produced by the common paddle board. 
Mr. P. W. Barlow states, that this wheel enables an engine 
in any weather to make a greater number of strokes than 
a common paddle wheel, by throwing more work on the 
bottom paddles ; that it reduces considerably the shock on 
entering the water ; that it occasions less loss of power than 
the common wheel; and that it may always be employed 
beneficially. On the other hand, Mr. Momay concludes, 
'* that the shock received by the floats on entering the water 
must be reduced nearly to that of the outer board, but that 
this advantage is gained at the expense of a considerable 
portion of the effect, in consequence of which the wheels 
must require a greater surface of paddle board than common 
wheels. There may also be a little advantage in the manner 
the floats leave the water, but that, if any, must be very 
trifling. It is evident, that no theoretical calculation can 
be made of the effect of this wheel, its action being precisely 
similar to that of the common wheel, exoept that all but the 
outer boards move during a considerable part of their stroke 
in troubled water, whereby a loss of resistance is sustained, 
the amount of which cannot be computed. It remains, 
therefore, to be decided by experience, whether the disad- 
vantages of this wheel are overbalanced by the advantages 
which it seems to possess.** * 



* See two excellent papers on " Paddle Wheels/' by Messrs. 
Barlow and Mornay, in the Appendix to Tredgold. 
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163. Buchanan* 8 Paddle Wheel — To obviate the objec- 
tions arising from the fixed paddle, various contrivances 
have been adopted in order to preserve it in a vertical posi- 
tion during its progress through the water. A paddle con- 
structed on this principle, must enter, and quit, the water 
edgewise, by an action similar to that offeathering with oars, 
and must necessarily have a motion of its own, independently 
of that which it receives from the wheel, so as to enable it 
to maintain a constant vertical position, while the wheel is 
performing its revolution. One of the earliest inventions of 
this kind was made by Mr. Robertson Buchanan, in 1813. 
The paddles were made to turn on horizontal axes or spin- 
dles, so as to maintain the vertical position during the entire 
revolution of the wheel ; there was, consequently, no ob- 
lique action ; but, during the first and last portions of their 
stroke, the paddles strike upon the water with their front 
surfaces, occasioning an additional resistance to the progress 
of the vessel. Buchanan's wheel has never been brought 
into use. 

164. Morgan^s Paddle Wheel. — In 1829, a patent was 
granted to Mr. Galloway, and sold by him to Mr. William 
Morgan, for a wheel constructed with feathering floats. This 
was the first successful experiment of vertically acting 
paddles; various improvements have since been added, and 
Morgan's wheel, as it is generally called, is now extensively 
employed both in government and private steam vessels. 
By this mode of construction, the floats are made to enter, 
and to quit, the water at any angle which may be required 
by the relative speed of the wheels and of the vessel. The 
principle of this machinery may by illustrated by the follow- 
ing diagram. The wheel consists of two sides or frame- 
works made of iron, the circumference of which is polygonal^ 
having as many angles as there are paddles; the inner 
frame, or polygon, is attached to the shaft of the engine, 

which is not continued beyond the side of the vessel ; the 
outer frame^ or polygon, works on an independent centre 
attached to the paddle-box, and derives its motion entirely 
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Irom connesions formed between the tiro 

meuis or spindles firmly keyed to both at tlie angles of the 

polygon ; the space between the two trames b perfectly ftw. 
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The frames are rendered compaut by the addition « 
or more polygons, placed between the circumference u 
e of tliese is seen in the diagram. C repr 
a Bection of the shaft and is the centre of the i; 
the circle described around C ia a hosa, in thecirciu 
of which are keyed the arms, or radii, i; r, which «zl 
the angles of the polygon. F is the centre of the oi 
lygon ; this centre projects in sn inclined direction, H 
crank., into the apace between the two frames, and ll 
nates at a point which is considerably eccentric irira 
wheel; the dotted circle described about F L 
collar or boss, to the circnmference of which are fixed j| 
. rods, h, h ; these are jointed to short rods G S, calleda 
leoert, which are fixed to the paddles B S A at any reqa 
angle. (One of the guide rodsij, instead of being join 
WeyeU to the revohing collar or boas, in order to Ci 
c»te to [he collar the revolution of the wheel ; this n 
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■e called the driving rod.) On attentive consideration 
this mechanism, it will he seen that, in consequence of 
e eccentricity of F, the paddles will assume different posi- 
IDS, during their revolution, so as to differ verj little iroiu 
a vertical wheel, at thatpoiut of their imiuer^on where their 
;t is applied. The comparative velocities obtained 
' Morgan's wheel and by the common radiating wheel, 
ire tested by experiments made on some government ves- 
i at Woolwich, the rcaulta of which are stated in Mr. 
irlow's paper, already alluded to. The "Firebrand" 
earner was fitted with a pair of engines of 70 horse power, 
d with common wheels, each of which had 14 paddles of 
I square feet area; the speed was 10-15 miles. The same 
tael was afterwards fitted with a pair of engines of60]iOT5e 
wer, and with Morgan's wheels, each of which had Opad- 
u of less than 13 square feet area ; the speed was lO'dS, 
ing an increase of four-tenths of a mile with one-sejienik 
« power. The use of Morgan's wheel, as compared with 
lat of the radiating wheel, is attended with the further ad- 
intage of economy of fuel. Experiments have also been 
ioBtituted to determine the respective merits of Morgan's 
rheel, and Field's cycloidal wheel ; the results were in fa- 
rur of the former. The testimony of Captain Austin, who 
mmanded the steam frigate " Medea" during her late scr- 
ee of four years, is highly satisfactory : he states that, 
^ether at light or load draught, in smooth water or high 
I, he found the action of herwlieels (Morgan's) tobeuni- 
m, causing hut very little, if any, tremulous motion of 
! Tesssel, or jerk to her engines; and lie considers tha 
vessel furnished with these wheels would be fully ahle 
continue her service for any period (with the meehauieal 
powers they might jiossessin the engine department) that her 
en^nes might enable her to do. 

1G5. Lots of Power bj/ deep immersion of Paddles.— There 
are two circumstances which materially affect the power of 
aa engine : these are, deep immersion of the vessel " 
water, and stress of weather. The former of these reli 
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causes must always be lo ojieratioD in the commencement of I 
long voyages, wlien the vessel, being laden wilIi a 
qoantitj of coals, is necessarily deep in the water, and tin 1 
vheel is coDsequently more immersed; the results a] 
creased resistance, increased oblique action, and a dimiolstied 
number of strokes, The latter cause may operate a 
period of the passage. Under either c' 
evident that the engine is incapable of exerting il 
if, for inalance, a pair of engines, making twenty strokesper^ 
minute, be constructed of 500 horse power ; and if, him ^ 
eitlier of the above causes, the number of strokes be reduw! 
to ten, which is of no uncommon occurrence, ha.lf the poifer 
of the engitiea is lost, and the vessel is placed in theuc- 
&vourahlo condition of carrying engines of a considerable 
Tcight, and value, with an incapacity of cxortingniare 
than half their power. It has been stated, on good aulhorilj, 
that the largest pair of engines now in opera,tioa are fre- 
quently reduced in their speed from eig-hteeo to six and ( 
■half BtrokcB per minute, thus performing the drity of onlj 
105 horse power instead of 540 horse power ; and thnt llui 
reduction of power generally takes place when the grealeit 
possible power is reL|ulred to contend against the mi^rhtj 
power of the ocean, and to enable Ihe vessel to more. 
a spite of this resistance, away from the lee shores, rocki, 
and other dangers, instead of paddling away, nearly in lltf 
B place fur hours, without making tile least progress on 
her voyage, as is the case with the deeply immersed and un- 
alterable common paddle wheels. 

166. Mr. HalCs patent Reefing Paddle Wheel. — To ob- 
the inconveniences, above mentioned, several palenli 
reefing paddle wheel have been successively granted to 
different engineers ; these contrivances have, however, failed. 
chiefly from the want of simplicity in the machinery fot 
moving the paddles, and the rapid corr<)Bion of the moving 
parts by sea water. Mr. Samuel Ilall, whose talent and in- 
genuity have been so successfully applied to various itn- 
he eleam engine, has proposed a simple and 
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i^tive plan for occomplishbg this object, by which scarcely 
)y more parts are esposed to corrosion than in 
iddle wheel, and by which, <>□ tho mere application of a 
and lever, the power of the engine will, in less than a 
■jnnte, without regard to weather, withdraw the whole of 
iie paddles from the eitremity close up to the boss of the 
rheel, or to any intermediate distance to suit the immersion 
f the yeaael. This eontriTance is not, however, 'confined to 
lerely regulating the paddles, as above described, but ad- 
lits of their being withdrawn entirely out of the water, or 
B nearly so as possible, when desirable to do so — as, for in- 
tance, when the wind is so favourable as to render it dcsi- 
ftble that the vessel should proceed entirely under her 
■nvas, and that the working of the engines should be dis- 
ontinued ; and, when that is no longer the case, of the 
nddles being returned to their proper situations in the 
r&ter, for the renewed operation of the engines. A pair of 
flr. Hall's Reefing Paddle 'Wheels of 14 feet diameter were 
ubjected to experiment nearly a month, on board a new 
ron steam barge, the "Lee." The barge went from 
Blackwall to Rochester Bridge in 7 hours and 18 minutes, 
being empty, and drawing ooly 2 feet and 9 inches of water, 
n her return, she was deeply laden, and drew 3 feet 
inches of water; she performed the same distance in 
hours and 51 minutes, being, by means of the reeling 
wheelx, only 33 minutes longer in doing so when deeply 
laden, than when empty. This experiment proves how- 
important it is to employ reefing paddle wheels in vcssela 
destined for long voyages, during which the immersion of 
the wheels in tlie water is necessarily subject to great 
of depth. Among the numerous advantages of 
wheels, two may be here mentioned: viz. first, the 
mer in which a steamer may, by them, 
be concerted into a sailing vessel, and vice vrrgri ; whereby 
the whole of the fuel expended during favourable weather 
is saved, being probably, upon an average, upwards of 
one-third of the whole consumption; and, secondly, the 
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reducing of the time very considerablj (oDe'third, it is anp- 
posed, a[ leut) now required for performing long voyage*,* 
The testimoDf in favour of this contrivance, given bj Mr. 
Uawkeley, Civil Engineer, is complete : first, it ie eitramdy 
liraple; aerandly, it is strong; thirdly, it is generalljip- 
plicable ; fourthly, it is durable ; fifthly, it may be entnuttd 
to the management of men of the commonest capacity; and, 
lastly, it is comparatively inexpensive. 



167. Dimentiont and Speed of the £ngines.~^T\xe en- 
graving which forms the franliipieee of this volume repn- 
sents an eleratioa of one of the engines of the steam pacliel 
"Ruby," copied from Tredgold's atlas of plates. Thii 
celebrated vessel was built by Mr. Wallia, of Blackwall, ' 
1B36, from the designs and speciiications of Mr. O. Lao 
Jun., of Her Majesty's Dock Yard, Woolwich; her 
were made by Messrs. Seaward & Co. ; the packet 
to the "Diamond" Company, and plies between 
and Gravesend, between which places it has run fbur 
a day for six months, making 48,600 miles — a feat 
had never been equalled ; the "Ruby" has, in fact, onji 
the reputation of being the fastest boat in £nrope, 
perhaps in the world. The eoginea of this packet 
50 horse power each ; their weight, including the wi 
the boiler, is 90 tons, b cwt., being about 18 cwt. 
horse power ; the diameter of the cyUnder, 40 
length of stroke, 3 feet 6 inches ; number of strokes 
minute, SO; diameter of paddle wheel, 17 feet fl 
length of paddle board, feet 2 inches, and depth, 

• Thi Surety, EngintIT, and ATChiltti.tio.W. The AulW rfr 
ereta tbu the limiu of tbia treatise prevent bim from full^ iltiatralb^ I 
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the Buhjecl will be higlilji gratified by iuauec 

of it 0,1 the offices of ibu patentee, b Kings h 
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B^hea; dip or immer^on, 15 inches. The speed of the 
■' £ubj" is 13'5 miles per hour, being about a mile more 
Uiai had been performed by any vessel previously eon- 
Ittructed. The pressure of the steam is only 3Jlbs. above 
^pat of the atmosphere. 

K 168. Rtmarkt m the "Buby" Steam PacSet. — The 
Bollowing' remarks are gathered from the description of the 
Bngtne of the "Ruby," given in the work of Tredgold, It 
Bb a remarkable fact, that this boat has tiot varied her 
Bpeed 1-I2th of a mile per hour; she has neither incrcaled 
Blor lost her speedj this has been particularly attributed 
Ehi the use at &i.a patent slide valves on board of this vessel, 
fcrhich after two years' working were found as perfect upon 
Kbeir faces as when fiiBt put together. A further proof of 
Htbeir superior working is evinced by the vacuum in the 
BeoQdensers of the engines having never varied 1-lth of an 
KDch, having remained constantly between 28{ and QS}. 
HThe »afeli/ valves are arranged on the plan of Boulton and 
■TlTatt, a plan now generally adopted by the engineers of 
I Iiondon ; the engine man can open them at pleasure for the 
escape of the steam, but he cannot load them beyond the 
■weight determined by the manufacturer, viz, 3Jlbs. on the 
inch; audit is remarkable that, with thia small pressure, 
the " Ruby" has attained its great speed, while, in nume- 
rous instances, vessels working with high-pressure steam, 
and with the safety valves loaded at the pleasure of the 
engine men, have never been able to equal her speed. This 
clearly proves, what the late Mr. Watt demonstrated long 
ago, that the most efficient, safe, and economical mode of 
working steam engines for laarine purposes, is at a pressure 
t{f2jf to 3J lbs. on the inch. In this and other respects, the 
"Ruby" is constructed on principles quite the reverse of 
those adopted by the Americans, who employ steam of very 
high pressure, with a very long stroke of the piston. The 
success of the "Ruby" is partly attributed to a moat ju- 
dicious arrangement ia the form and construction of lAe 
vessel. From the method of planiintf which is adopted, 
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consisting of three thicknesses of oak placed diagonallj n 
loDgitudiDally, the vessel is completely trussed irom eDJ'V 
to end, and at once combines strength and ligbtne 
erainent degree. The form of her bow enables her to cat I 
and divide the water, instead of gliding over it, i 
American vessels, her bow being shaped like a knife, and I 
being as long on the keel as at the water's edge within tno | 
feet. 



a a. Steam nozle and t>1t< 
h h. Eduction nozle ud 

c, Steam pipe. 
li, Throttle valve. 

e, Handle and rod of thrtil 

f, Starting lever. 

g, Spill of steam valTC. 
k. Spill of eduction valve. 

i i i J, Levers for working t 

k, Eod to connect levers.. 

/ /, Parallel motion. 

tn, Snifting valves. 

n, Blow -through valve. 

o, Eccentric rod. 

p, Eccentric beam and bi 



(1.) Tlie general mode of applyitig the aleant in i 
marine engine, including the action of the cylinder andij 
apparatus, the beam, the connecting-rod, and the eras 
■will be readily understood by referring to the figures, K 
the eiplanation of them, given in paragraph 145 — -to wH 
the attention of the reader is particularly directed. T 
motion of the engine commences at the q/linder A. T 



A, Cylinder, 
BB, Sway beams. 

C, Cross head. 

D, Main gudgeon. 
E E, Side rods. 

F, Fork head. 

G, Connecting-rod. 
HH, Cranks. 

1 1, Shafts. 

E K, Side frames. 

L L L, Condenser, hot well, 

and foandation plate, all 

cast in one piece. 
M, Air-pump. 
N. Feed-pump, 
O 0, Sleepers. 
P, Crank phis. 
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|iigton-rod is supposed to be descending', and by means of 
ross head C (corresponding toff, in fig. 77) and two 
t'ods E (corresponding tofe, in the same figure), it 
depresses Che nearer ends of the beams B ; these work on 
'le main gudgeon, or pirot, D, and from their reciprocating^ 
lotion are termed sivai/ beams. The opposite ends of the 
beam ascend, and force a cross bar upward, to the middle of 
■which is attached, bj the Jbrk headF, the connecllaff-rod Q. 
The upper part of the connecting-rod is jointed with tha 
crank H, by means of the crank pin P ; and by the action 
of the crank the paddle shaft, I, is turned round. 

(2.) By the reoiprocating action of the further ends of the 
l>eams, the cross liead of the air-pump M, and of the hot 
■water, oi feed-pump, N, is also raised and depressed, bein^ 
furnished with an apparatus of side rods similar to those ■ 
Above described. Between these parts aod the cylinder, ars 
placed the condeaaer and hot well L L, The air-pump 
draws o£P the air and water from the condenser to the hot 
weL, whence it is conveyed by means of the feed-pump to 
the boiler. 

(3.) The motion of the piston-rod is regulated by a com- 
bination of rods I I, called the parallel motions this has 
been already fully described (p. 52) . The arrangement of 
the rods constituting the mechanism of this motion in the 
~ le engine, differs in some respects from that adopted in 
fitationarf engines, but the principle is the same in bath. 

(4.) The steam is conveyed from the boUer, by the steam 
pipe, c, on the \e&, of the engine, to the space a a which 
ins the steam no^le and valves, and through these to 
the top and bottom of the cylinder ; the ipill of the steam ■ 
valves is seen at g. The supply of steam is regulated by 
the throttle valve, d, which is furnished with a handle and 
rod, e e. On the right side of the cylinder is placed the 
eduction nozle and valve, b, which is furnished with a spiU, 
hi by this outlet the steam escapes from the cylinder to thi 
condenser. The snifting valve,n, is on the left of the cylin- 
ders; its office has been already described (p. S9). 
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(5.) The valves are worked by tbe eccentric, p, by meuu 
of tbe eccentric rod, o, connected with the series aflevtri, 
i i, and the rod, k, which connects the levers togWbn. 
Tbe starting lever, f, enables tbe engine man to open isd ■ 
elose the valves by hand, previouBly to placing them ii 
aeiion with the eccentric i by means of this hand gear, bafl 
is enabled to reverse the direction uf tbe vessel. 

(6.) The engine and boiler stand upon sleepen 00, I 
irhich are generally made of African oak ; the shaft of iht I 
engines ia supported by tbe tide frames K K. The valve U 
m is for tbe purpose of blowing through, a process wludl 
has been fully described (p. 203). 

160. Engines of Ike Steam Frigate " Gorffon." — A 
limple and light form of en^e has been fitted t 

"Gorgon," and some other steam vessels, in which the si 
beams, side rods, and cross heads, are dispensed with, fi 
piston-rod being connected with the crank by the n 
tervention of a short rod. The 
winexsd figure exhibits tbe ma- 
chinery of this kind of engine. 

The rod a connects the upper 

part of the piston-rod with the 

orank pin, placed on the axle of 

the wheel ; the asle is situated 

directly over the centre of the 

cylinder. The parallel motion 

of the piston-rod is effected by 

means of the fixed bars on each 

side ; the same machinery serves 

to work all the pumps. The -F^-H 

"Gorgon" has two engines of 

this kind, of 320 horse power; the diameter of the cyKi 

is 64 inches ; tbe length of the stroke is 5i feet ; and ll 
" the wheel, 27 feet. The speed of this v 



I 



has been 1 1 ^ miles per hour, the number of strokes p 
minute being 19i, and the consumption of fuel 7 lb*, of M 
Mr horse power per hour. 
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SAM BCSEW PSOPBLLBR. H 

7er.— The use of paddle wheels ■ 



170. Mr. Smith's Propeller.— The use of paddit 
fi attended wili ob»ious disadvantages, \iz. their projeC' 
tioD from the sides of Ihe vessel, their action for the most 
. part out of the water, the impediment they offer to sailing 
bj their interrupted action and the swell which they occa- 
tpaa on rivers aod still waters, and their extreme liability to 
be disabled in naval warfare. To obviate these inconveni- 
!, another mode of propelling vesseb, of which smooth- 
I aod nniformity of motion are the moat striking 
I, has been to a certain extent adopted. The iiDme- 
4iate mechanism of motion in 
this plan is a spiral surface, 
or blade of iroo, farming one 
turn of a screw A , and placed 
angle of about 40 de- 
grees upon a cylindrical axis, 
■which b fixed in a frame BB, 
inserted into the dead wood 
of the vessel. The axis passes 
through a stuffing box in the 
tUler part of the frame aod 

stem of the vessel, and onwarda lo the engine, by which 
it is made to revolve. For every revolution of the crank 
shaft of the engine, the screw turns about Si timea. Tho 
screws are moveable, and keyed on to the axis, so as to ad- 
mit of the substitutiim of others of different sizes according 
to circumstances. The diameters of the screws are 5 feet and 
7 feet, and their lengths 7^ and 8 feet. Since the establish- 
ment of the Ship Propeller Company, this apparatus, con- 
stituting Mr, Smith's propeller, has been fitted to several 
vessels. A war steamer, of BOO tons and 200 horse power, 
has been ordered to be constructed with the screw propeller, 
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•t Woolwich ; a large st«am eliip U buildiag at Bristol, of 
I tons and 1000 horse power, under the saperintenJenef 
of Mr. J. Brunei; aootber large vessel is to be built at Lon- 
donderry, of 1000 tons, and 400 horse poirer, for the 
XJverpool trade ; the Archimedes experimental steam vesel 
.!■ noiT pljing on the Tbames ; and a large iron steam base, 
upwards of 100 feet long, h now building at South Shields, 
&r the Cowpcn Colliery, fitted up with the ATcbimedein . 

171. Experiments of ihe Screw Propeller. — 1. The " 
. shimedes" steam vesael is registered at 240 tons, and is ol 
80 horse power. In 1839, this vessel circumnavigated 1) 
ooost, md visited all the principal ports and liarboun of 1 
Great Britain, sailing and propelling a distance of 2096 ' 
nautical miles ; the time occupied in the various experiments ' 
mnd trials of the screw propeller being two hundred and 
thirty- seven hours and twenty- Bve minutes. 2. The 
" Princess Royal" steam vessel is of 101 tons burden, and 
46 horse power. This vessel is intended for pleasure eicar- 
\s fi^om Brighton and the neighbouring towns and village; 
on the coast of the British Channel. The following repon 
atbeBrightoa Guardian, datcdJuae IC, 1841, accom- 
panied with a certificate from the Committee of Management, 
evinces their confidence in the success of the project. "Oo 
Wednesday last, this newly-built pleasure boat, propelled 
by the Archimedes screw, made her first pleasure trip to 
Anmdel and back, the party about 60 in nuraber being the 
invited guests of the proprietors. The vessel -was very re- 
cently built on the Tyne under the direction of Messrs. Bass, 
W. Catt, jun., and Collins, the committee of the owners, 
from which port she arrived on the 8th inst., in the short 
■pace of 48^ hours, the distance being upwards of 400 miles. 
She is of the following dimensions .- — length of keel SI feet, 
breadth of beam 17 J feet, depth of hold 10 feet, of immersion 
6J feet, tonnage 101 tons register. There are two engines 
each of 23 horse power, the screw is 5 feet diameter, 6 feet 
\ and 34 strokes of the engine, making 170 evolutions, 
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Is the regulated speed. The velocity of the boat is about 8 
knots BR hour (equal to about 9j milea); but in our esti- 
3a its greatest reeommeudation as a boat for pleasuring 
uniform steady progress through the water. She glided 
through the sea and against the tide with scarcely any mo- 
tioQ; and we consequently enjoyed a freedom Irom those 
jerks and that spasmodic action, if we may so apply the 
term, experienced on board a steamer propelled by pad- 
dles, by which the much-dreaded sea-sickness is materially 
promoted and produced. The facility and readiness, too, 
1th which the vessel answered the helm, the ease and 
quickness with which she backed as well as advanced, and 
iw circle in which she pirouetted off Littlehampton, 
'While the pilot was waiting for the flow of the tide, stamped 
her character as a first-rate sailer ; while the promptitude 
■with which she curved and twisted round the elbows of the 
s stream up to Arundel bridge, with the most 
[ttifiing action upon the closely adjacent banks, proclaimed 
superiority of the screw over paddle wheels for canal na- 
.tion." The Committee of Management, in the name of 
the proprietors of the "Princess Koyal," expressed their 
«Dtire satisfaction in the application of the patent to their 
vessel, and stated, that in every thing connected with the 
machinery and its arrangements, her speed, and the facility 
with which she is managed, she far exceeded their expecta- 

172. if«por( of the Screw Propeller.— The following 
extract is taken from a Beport made, in td39, by Captain 
lEdward Chappell, R. N., who was deputed by the govern- 
examine into and report upon the merits of 
Mr. Smith's screw propeller. The extract relates to the 
increased power of steerage obtained by this contrivance. 
" 1. The additional force which a screw in the dead-wood 
gives to the ordinary power of the helm, is one of the most 
extraordinary facts attending Ibis invention. The instant 
the screw begins to revolve, it throws a column of water 
astern, wliich impinges upon the rudder, and actually alters 
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the direction of the vesseFs head a point or two before she 
gets any way through the water ; as it is the stem, and not 
the head of the ship, which is most directly acted upon by 
the rudder, it may be that a hole in the dead-wood allowing 
the water to rush through the orifice, facilitates the turning 
of the stem by diminishing its resistance. 2. In running 
backward with the screw reversed, the same powerful effect 
is produced, by the current of water being drawn from 
the rudder in an opposite direction. S. While steaming 
straight ahead in tolerably smooth water, the stream thrown 
astern by the action of the screw acts similarly to a rudder 
chock, keeping the helm steadily amidships, and propelling 
the vessel so direct, that I have often sent the steersman 
away, and she has steered herself six or seven miles without 
deviating a quarter of a point ; and even in gales of wind, 
with a heavy sea on the bow, a spoke or two of the wheel 
either way is sufficient to govern her. 4. But it is in 
turning round that the astonishing effect of the screw upon 
the helm is most apparent. In the Frith of Forth this 
quality was thoroughly tested by Captun Boswall, R. N., 
and the other naval officers present. Putting the tiller hard 
over, the Archimedes was 2^ minutes performing the first 
^rcle, and 2f minutes making the second circle ; although, 
as she loses her way by the rudder acting as a drag across 
her stern, it occupies longer time to make a second circle 
than the first, yet the space occupied is less in each succes- 
sive circle, till the Vessel revolves as it seems on a point, 
presenting, as I conceive, a manceuvre entirely new in the 
science of navigation.** To these advantages, Captain 
Boswall adds the following, as attending the adoption of 
the screw propeller: — 1. The necessity of an improved form 
of construction, by a finer entrance to the vessel, propor- 
tionate breadth of beam, and draught of water. 2. Less 
resistance to head winds and seas, and more valuable space 
within-board at no increased expense of materials, or cost 
per ton for building. 3. Constant action of the screw so 
long as the vessel has way through the water, or on her 
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broadside, owin^ to the screw being' unaffected bj the trim, 
rolling, or pitching of the vessel, from its position in the 
■fler b I d d w d 4 Free use of the sails within 

ail p in f h w d n tack, without ever causing- 

the 1 m taj b in irons, in light baffling 

wind 1 h h p y f entirely disconnecting the 

screw m min a d shipping it in double that 

time f ryghm n so as to adapt the power of 

thee g ums an f weather. 



PROPORTION OF POWEK. TO TONNAHE. 

173. Power and Speed of Steam Vessel*. — So long as the 
9 performed by steam vesscla were comparati»elj 
lort, the object of engineers and manufacturera of veBsels 
nsure the greatest possible speed, and the attain- 
iDt of this object was considered an ample compensation 
w considerable expenditure of fuel. But when steam com- 
m was projected between remote parts, ae between 
igland and America, situated at a distance of 3000 miles 
n each other, the speed of the vessel, and the consump- 
n of fuel, were no longer Che exclusive objects of atten- 
tion; for long voyages, the supply of coal presented diffi- 
culties, which could only be met by apportioning the power 
of the eiiffinei to the tonnage of the vessel, with the view of 
economizing fuel, though at a diminution of speed, '~' 
best proportion of power to tonnage in sea-gaing vessels has 
been a matter of much dispute ; in the early steam boat 
engines, a small proportion of power was employed: the 
"Comet," of -25 tons burden, was furnished with engines of 
only three horse power, being at the rate of one horse power 
to eight tons burden. The great increase of power required 
to produce a certaiii increase of speed would appear t 
fumiah a strong reason in favour of a low power and a small 
consumption of fuel ; for it is found that Ihe speed of a 
vessel, moving in still water, is as the square root of the 
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power ; tbns, if 20 horse power be required to propel i 
vessel live miles per hour, it will require 60 horse povfr \a 
propel the same vessel ten miles an hour; or, in olbn 

nls, a fourlbld power to produce a Cwofolil speed, a Dim- 
fold jKiwer to produce a threefold spood, and so on. Bst, 
in this cdculation, no notice has been taken of the kM- 
■nce offered to » vessel hy winds, waves, and other opposiot 

ses which occur in sea. vojages — a resistance of i 

ment as to direct attention rather to the vessel's a 
hilit'/for distance, than to its s[tee<l. In order 1 

moat economical ratio of the power to the tonn^ i 

sels destined for long voyages, many facts and t 
ments were brought together by Mr, Barlow; the 

re, that in every instance, the rontumptioii of fuel i 

[, the smaller the power in proportion to the Umju 
The following table, taken from that given by Mr. Bar 
"n the Appendix to Tredgold, represents the performance d 
Her Majesty's Admiralty Steamers to Corfi'i and Patns, Mi 
back, s (liataace of 5200 miles, made by eight different ns- 
sela, varying in tonnage and horse power. These voyag«, 
having been made in every variety of weather, fumi^ i 
very valuable means for coming lo a correct oonf^lusian on 
the subject. The first three columns were taken from Pa- 
liamentary Reports, the others were derived from cakuli- 

1. The fourth column represents the number of Ions pet 
horse power, obtained by dividing the measured tonnage 
(which includes the engine room) by the nominal hora' 
power. The fifth eolumn gives the actual consumption of 
coals during the voyage, calculated at the rate of Bibs, pel 
horse power per hour, which is nearly the average for all 
engines. The last column is calculated by dividing iht 
whole consumption by the tonnage, and represents llu 
weight per ton consumed during the voyage, and cooM- 
quently expresses the relative economy of each -vessel. AE 
the veaaels, cited in the table, departed from Falmouth upon 
their respective voyages, during the three successive yean 
U83i2, 1833, and IB34. 
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Firebrand 
Columbia 
Columbia 
African . 
Flimer . 
Hermes 
Messenger 
Alban . 
Firefly . 
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174. Hemark* on the foregoing Table. — Of the vesseU 1 
mentioned in the table, the Columbiit and the Flitmer nen ' 
furnished with Morgan's wheels, theothets with tliccomniDa 
radiating wheels ; the economy of fuel arising from the uK 
of the former wheel is hereby incidentally demonstrated. 
Mr. Barlow observes: — " 1. In examining the table, i 

1 that vessels with sinulsr wheels, whose tonnage v 
large in proportiou to the horse power, in every case KB^ 
fiunie less fuel per ton during the voyage : for instance, in 
the ' Herjnea,' which has the largest proportional tonnigq 
viz. S"2I, the consumption per ton is 1544 lbs.; behiglei 
tlian half that of the <.\lban,' viz. 3722, the tannage at 
which is the least, vis. 2*94 per horse power. 2. In Al 
vessels with Morgan's wheels, the largest proportional Wiii- 
nage is the 'Flamer," being 4' 13 per horse power; the eon- 
fumption per ton is 1477. In the ' Columbia,' the tonnigt 
per horse power is 3'(i0, and the consumption per ton 1839. 
S. The most direct comparison in the table is between tbi j 
'Hermes' and the 'Messenger,' being vessels of equidl 
tonnage and similar wheels, but vrith different povrer, — 
former being 140, and the litter 220 horse. The ei 
tion of the ' Hermes' is not more than 2-3ri]s that cf if 
'Messenger.' We may, therefore, fairly conclude that q 
idea of a saving of fuel being effected by increndng fl 
power of a vessel, is erroneous. Under particular c' 
stances it may happen that an additional power may effecl 
saving; but, generally speaking, it may be assumed, tl 
great economy of fuel will be obtained by diminishing ^ 
power of the vessel as much as possible, provided thenfl 
sufficient at command for the safely and management off 
vessel, should eircumatancea reijuire it." Alluding to M 
same table, with the view of showing the cconomj dTfl 
effected by the use of Morgan's wheel, Mr. Moms; t 
serves: — " Of the Tlamer' and ' Hermes,' the latter Oi 
to consume the smallest quantity of coal per ton dtuingH 
voyage, for two reasons: 1st, because she bas much l| 
'i proportion to her tonnage than the fomier;,| 
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Sdly, because, being' a much larger vessel, even with the 
.0 of power to tonnage, she ought to consume less 
fiiel per ton by going faster; the reverse is, however, the 
case, as shown by the numbers in column 6. As another 
sample, we may compare the ' Columbia' (Morgan's 
■wheels) with tlie ' Messenger' (common wheels) ; here the 
difference ought to be more tha.ii in the foregoing example 
in favour of the common wheels, whereas it is still more in 
ivour of Morgan's." — Appendix to Tredgold. 
175- Power and Tonnage fur long Voyages. — The fol- 
; remarks are gathered from Mr. Barlow's excellent 
paper, already referred to. The larger the vessel, every 
ing being in proportion, the greater will be her capabilities 
Wth for speed and length of voyage. If, instead of in- 
treasing the power in proportion to the tonnage, it be 
Hily increased in proportion to the resista/ice, or the same 
(peed is given to the vessel, then the power required will be 
aot much more than half as much again; and, consequently, 
I Toyage of more than one-and-half times greater length 
un be performed, while the spare room for cargo will he in 
the same ratio as the increase of the vessel, or as 1 to 2; 
and the vessel will have the same power to contend with 
adverse weather, as the smaller one with the larger propor- 
tioD of power. These results have been fully confirmed by 
the performance of her Majesty's Mediterranean packets, 
4nd by experiments on the government steam vessels at 
"Woolwich, in which the larger vessels generally give a 
greater speed, although the proportion of power is less 
than in the smaller ones; the consumption of coal per 
horse power is also less in the larger than in the smaller 
Tesseis. A practical advantage resulting from this principle 
, that the diameter of the wheel increases In a greater 
proportion than the variation of immersion of the vessel, 
ind is consequently proportionally less bnriod in the water 
when the vessel is laden, which is a cause of great loss of 
the power of the engine. " There is another advantage 
9 large engine, from its increased momentum, which ea\at 
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it to act as a fly wheel, and is, I am satisfied, of mor 
^rtuice than is generally supposed. One onen hean «f 
^ motion of the vessel acting as a fly wheel to the «ng;ine ; 
•which is quite an erroneous idea, as the action of a fly 
wheel ti that of a reservoir of power, receiving it at one dne 
from the en^e, and exertbg it at another on the machioery 
to be put in motion. Now, as the paddle wheel is alwtfi 
exerting a force, although a variable one, on the water, it 
«annot possibly receive any assistance from the motion of 
the boat, which therefore cannot act as a fly wheel to it 
It certainly so far assists it, as by its velocity tlirough (be 
water to allow the engine to make a greater number <t 
■trokes, and increases the momentum produced by in 
weight; but this is all il does, and this effect ia gmSj 
increased by giving more weight to the paddle whedi'" 
The absolute or definite proportions of power and toniu^ 
must be subjected to various modiflcations in refereniM Id 
particular vessels ^ it may l>e stated, as a general rule, ^ 
the proportion of power to tonnage should not be greater 
than one horse power to two tons for short voyages; lint, 
for the longer voyages, the proportion of power to tonnap; 
should be about one horse power to from three to four toni, 
measured tonnage. 

176. Of Iron Steam SoaCs.~The employment of rrmi, 
instead of wood, in the construction of steam vessels, hu 
been found to be attended with many advantages : ima 
vessels are lighter, safer, more economical, more capacious, 
and more healthy, than those made of wood, t . The weight 
of an iron vessel is less tliau oue-half that of a wooden ves- 
sel; it therefore combines the advantages of a leas draught 
of water, and a greater speed with equal power, 2. Tiie 
greater safety of an iron vessel arises, first, from its mode of 
construction, the vessel being divided into water-tight com* 
partmenle, and, secondly, from the nature of its material, 
which secures it from separation of its parts in stormy 
B weattier, and from fracture by collision with rocks ; in the 
Wter circumstance, the only injury likely to occur is thatrf 
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ipdentation. 3. The economy gsiaeA by the use of iron is 
obvious result of ita safety : there is no necessity for 
repair. 4, The greater capaciousaeta of an iron 
yessel is a natural consequence of its reduced weight and 
draught of water with equal tonnage : its capacity for 
Ipaasengers and ovgpo may be proportionally increased ; by 
tnakin^ the iron vessel wider, a considerable amount of 
additional stowage room is obtained throughout its entire 
length. 5. The greater healthiness of an iron boat is occa- 
noned by the nature of its material : in hot climates it is 
Woler tlian a wooden vessel, and it b perfectly free from 
The effect of the iron on tlie compass, which at 
first presented a difficulty, has been successfully counter- 
acted under the management of Mr. fiarlow; the indications 
'of the compass may be afforded in iron vessels with the 
precision as in those constructed of wood. The use 
n steam boats, hitherto employed only on rivers, is, in 
&ct, likely to be soon extended to the moat distant voyages 



177. Fukon's early Steam Boats. — The peculiar ( 
graphical features of America — her extensive liue of coast, 
her numerous islands, her magniScent rivers, her inland 
Has — were eminently favourable to the enterprise of steam 
navigation. The early experiments of Fulton on theHudson, 
have been brieily noticed at the commencement of this chap- 
ter. In his first steam boat, some alterations were intro- 
duced into the machinery of the engines : the cold water 
cistern of Watt's engine was abandoned, and, instead of 
this, an increased capacity was given to the condenser 
Watt's en^ne, the condenser was half the diameter and half 
the height of the cylinder, and consequently one-eighth of 
its capacity; in Fulton's engine, the condenser was of the 
same diameter and of half the height of the cylinder. 
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was therefore one-half of its capacity; the injection water 
was supplied by a pipe inserted into the bottom of the con- 
denser. Tliere were two working beams to the cylinder, 
but the form of the beam varied from that commonly in uie, 
being constructed like the inverted letter J., in order that 
the motion might be communicated to ftie crank, eithn 
from the horizontal part of the beam, according to the pwc- 
tice now commonly adopted, or from the verticftl p 
after the manner of a beU-crank ; the latter plan wu 
found the more convenient, and the connecting-rod wu 
accordingly extended horizontally hetvreen the vertical u 
of the beam and the crank. The axles of the cranks woe 
provided with spur wheels, and pinions, and the velocity uf 
the engine was regulated by a heavy fly wheel, placed or 
the asles of the pinions. The speed attained by early ei- 
periraents of Fulton's first steam boat was only four milB 
an hour; this rate of speed was afterwards increased to id 
miles an hour ; and in vessels of a later construction, he n 
enabled to attain a speed of nine miles an hour, yrith which 
he appears to have been satisfied. The form of FulCon't 
boats wax unfavourable to speed : they were flat -bottomed, 
with full round hows and stems, and therefore drove the 
water under the vessel, instead of cleaving it and pushing il 

178. Stevens' Sleam Boats. — The application of s 
to sea voyages was first successfully undertaken by the elder 
Stevens of Hoboken ; his earhesl steam boat was sen 
sea to navigate the Delaware, Tlie engine of Stevens 
differed less from the plan of Watt than that above de- 
scribed. He employed the enlarged condenser of Fulton, bul 
retained the working t>eam as used by Watt. Considerable 
improvements were now introduced by Kobert L. Stevens, 
the son of the elder jierson of lliat name ; a steam boat, 
constructed by him, performed the passage from New York 
to Albany, a distance of 145 miles, in twelve hours, thus 
'Heeding the greatest speed of Fulton's boats by two bouis- 
mtributed much to the improvement of the form 
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f the American steitn boat ; he coDStmcted his boats of 
reater length, abolL'thed the round hows and sterna, and 
ave them a tine entrajice, so as to enable them to rise over 
[ie water, instead of driving it before them. The result of 
is pre^jcntlf seen in an increase of speed 
D thirteen miles an hour. Another change of 
great importance consisted in the employment of a, very 
long stroke, of a lengthened crank, and in the application 
of the expansive force of steam ; the cylinder was length- 
ened, and the steam cut off at half the stroke. The practical 
advantage of employing steam expansively was first dis- 
covered in America by Adam Hall, director of the West 
Point Foundry, who proved that the power of a given 
engine might be doubled by loading the safety valve ivitb 
S7 lbs. per square inch, and cutting off the steam vrhen one- 
eighth of the cylinder had been filled, and that a saving of 
tivo-fifths of the fuel was effected at the same time. Stevens 
early period adopted the method of dry condensation, 
whiob had been previously attempted by Watt and others, 
.but he was obliged to abandon it, and return to the mode of 
condensation by injection. The firiit successful csperiment 
of dry condensation was made by Mr. S. Hall, of this coun- 
try, as has been already explained. 

179. Speed of American Steam Vessels. — Tlie unparal- 
leled speed recorded of the American steam vessels, has 
been the subject of astonishment, and even of doubt. The 
boats of Stevens realized a speed of thirteen miles an hour, 
while the speed of sea-going vessels in Europe is at the 
average of ten miles an hour. Dr. Renwick made, in the 
"New Philadelphia," one of the most remarkable passages 
over performed. " Leaving New York at five o'clock, p.m., 
with the first of the flood, he landed at Catekell, distant 1 1 1 
miles, at a quarter of an bour before midnight. As passen- 
gers were landed and taken in at seven intermediate points, 
the rate at which the passage was performed was not lest 
than eighteen English miles per hour. Now as the current 
in no case exceeds four miles per hour, the absolute vpin^itv 
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through the water must have been fourteen miles."' Thew 
high rates of ipeed apjiear not to be attributable to anj in* 
created force of the engines, or to any definite relation be- 
tween the power of the engines and the tonnage of tht 
Tesaels, and certainly not to any superiority of workmanship 
in the const ruction of tile machinery, this beiagp confessedly on 
the side of the Earopeaii vessels. But there are other dr- 
oumstances to be taken into account, ia explaining t^e a- 
traordinary rates of speed attained by American steam boab. 
I. The malerg which arenaoiffated hy most of the Amerio«ii 
boats are very different irom those for which European ves- 
sels ore constructed. The fornier consist of rivers with 
eraootli surfaces, ahettcTcd bays, or arms of the sea, eiposd 
□either to waves nor to wind ; the latter are the open seu, 
exposed to the inHuences of wind and wave. Hence, in tkt 
construction of the American vessels, a light slender fbrm a 
the great object required ; it ia not uncommon to see vesa^ 
of 200 feet in length built entirely of thin planks, yet tt 
sufficient strength to bear the weight and action of eogiiKt 
of tiOO horse power. 2. The position and Jbrm ofthema- 
chinery in American vessels are also conducive to their 
speed. In European vessels, the machinery is placed be- 
neath the deck ; hence, the stroke of the piston and tiie 
length of the crank are reduced below the proportion orip- 
nally assigned to them by Watt. In America, the machinery 
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■ On {h< Slcam BoaU af America, Appendii to Tredgold. Di. 

Renwirk states thai the abiaititt velocity of a vessel pro|)elted bj 

fltcam id a current does not dific^r nhen the direction of the moliHi 

ii Kith, and when h is agaimi, the strcsm. " Lei us suppose," ht 

!iays, " that a steam boat is abandoned to the current : in this cue 

ii must speedily acquire the velocity of the stream, and be al rest IB 

relallnn to tlie water on which it floats. WTien the machinery beghu 

to act, no diBorencB of circumstances can arise from the direcfjonia 

which the prow of the boat is turned, and al! the muttons in reference 

to the mass of fluid will be performed exactly as if that mass were 

not in motiou. In moving with the current, iheai, the rate of pn>- 

^^ gressbythelandwillbelhesumoftheordinaryrateofthe boat's mo- 

f" 'n.ani! the Telocity of the stream; in moying against the current, the I 

of progress niU he the diScrencc betn-ecn these two velocitiM]hH 
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i. the cabins are raised above the deck of the vessels; 
s position admits of the use of more powerful eogines, or, 
B lieu of these, of a much greater length of stroke and of 
prank: it waabymeansof the latter expedients that the speed 
fthe "New Philadelphia" was made to exceed that of veesela 
ECpelled by more powerful engines than her own. 3. A 
B of apeed in the American vessels is found in the 
nployraent of the expansive force of steam. The effeel of 
's method is an increased Telocity of the piston, which, 
Htead of moving-, as in our manufacturing engines, at tlie 
e of about 2aO feet per second, is enabled, by this mode 
t working the steam, to double that rate of speed. Dr. 
Eenwick states that the velocity of the piston in the " North 
" nerica" was carried up to 384 feet, in the "Fulton" to 
feet, and in the " CorneUus Vanderbitt" and " High- 
ider," to 600 feet, per second. In these cases, the length 
f the cylinder, and the diameter of the wheels, are often 
' insiderably increased ; in one instance, the diameter of 
e water wheels has been increased to thirty feet, and the 
roke of the piston to twelve feet. Additional velocity is 
sbtained by the use of large valves and steam passages ; the 
r of steam from the boiler is thus rendered more rapid, 
#nd the velocity of the piston proportionably increased. 4. 
JTAeJbrm of the paddle wheel employed in America contri- 
tes to the speed of the vessels. Dr. Renwick describes 
a form, by supposing a common paddle wheel to be cat 
o three parts, by planes perpendicular to its axis ; one of 
ise is supposed to remain at rest, the second is moved 
j-third, and the third part through two-thirds, of 
tfi space intervening between two contiguous paddles. This 
cm of wheel was introduced by the yonnger Stevens, and 
ia now universally adopted. 

180. different Classes uf American Sieam Scats. — Mr. 

n observes, in his work on Engineering in America, 

"with the exception of the vessels navigating the 

j, and one or two of those which ply on the eastern 

ut, there is not a steamer in the country which has either 
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masts or sails, or is commanded by a professional seaman." 
There are three classes of boats used in America: — the 
Eastern Water Boats, characterized by small draught of 
water, great speed, and the use of condensing engines of 
large dimensions, having a great length of stroke; the 
Western Water Boats, with greater draught, less speed, 
and high pressure engines of small size, worked by steam of 
great elasticity; and the Lake Boats, of a stronger con- 
struction, furnished with sails and rigging, and propelled by 
powerful engines, like sea-going vessels. 

(1.) The steam boats of the Hudson exceed all others in 
speed, and are unrivalled in river navigation. They vary 
from 160 to 240 feet in length, and from 20 to 30 feet m 
vddth. The table on the following page, taken from the 
paper of Dr. Renwick, gives the particulars of several steam 
vessels belonging to the port of New York. The velocity 
of the piston, and the high pressure of the steam employed, 
are remarkable in these vessels. All the vessels, given in 
the table, are furnished with one engine only, except the 
Massachusetts and the Erie, which have two engines each. 

(2.) The steam boats of the Mississippi are of a heavier 
structure than those of the Hudson ; they vary from 100 to 
700 tons burden, and draw from six to eight feet of water. 
These vessels are propelled by non-condensing engines, 
worked by steam of very high pressure, varying from 100 to 
150 (!) lbs. on the square inch. Mr. Stevenson describes 
the effect of this practice in the case of the '' Ontario," in 
the following emphatic words: ''The steam had been got up 
to an enormous pressure, to enable her to get off, and 
the volume of steam discharged from the escapement pipe 
at every half stroke of the piston, made a sharp sound 
almost like the discharge of fire-arms, while every timber 
in the vessel seemed to tremble, and the whole structure 
actually groaned under the shocks.'* Mr. Stevenson con* 
siders, that the explosions, so frequent in America, are 
sometimes caused by the use of steam of this unusually 
high tension ^ and frequently by a deficient supply of water, 
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Massachusetts 
Swallow . . 
Rodieater . . 
Utica . . . 
Erie ... . 
Belle . . . 
Now York . 
Dewitt Clinton 
Arrow . . . 
Neptune . , 
Home . . . 
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causing the boiler to become red hot ; in tbis case, tlie 
water, when supplied, eviporatei more rapidly than it as 
CBcapo by the safet; Talve. In the Mississippi steamers. iIk 
paddle wheel shaft is so conatructed, that the iiroj«:dn| 
portions of it on each side of the vessel can be thrown out 
of gear at pleasure, so that the shaft may revolve without 
producing any revolution of the wheels ; by this meaiii 
when the vessel is stopped, the engines continue to work, 
and are employed in pumping water into Uie boiler. 

(S.) The sea-going steamers of America are constnidfli 
on a principle which appears, to Europeans, insecure: 6tBt 
is a weakness in ihom, owing to the great proportion which 
their length bears to their breadth and depth. Dr. Benwick 
states, that "their length is as much as eight times their 
breadth of beam, and the form of their prows and «ten» 
extremely acute: hence, the tendency to hoff, and bntk 
their backs, is great ; and ooe instance has already oeenirel 
where a new vessel has gone to pieces by mere stress of 
weather. Vessels of this model are exposed to beingwuhej 
from stem to stern by the waves." Another practice, 
adopted in sea-going vessels in America, is characterized bf 
Dr. Renwick as a prominent mistake. " Departing fron 
the practice which had became sanctioned by inooesiAd 
usage, of employing two engines placed upon the wM 
guards, a single one has been substituted. This bdlg 
necessarily placed in the plane of the keel, the rolling <^tlit 
vessel is rendered more rapid, and more likely to be injn- 
rious. It b, indeed, a well-known principle in the stowagt 
of vessels, that the rolling is to be rendered less violent ^ 
placing the weights at the greatest possible distance iroii 
the plane of the keel, as well as at the greatest height which 
is consistent with stability. The use of a single vertiCli 
engine of long stroke is attended with another difficulty, rii. 
that it requires a large opening to be left in the deck of the 
vessel, which cannot be sufficiently defended from the infloi 
of the sea; for tlie bulk-heads which surround it, cannot be 
rendered strong enough to resist a violent wave." The 
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steam boit vUdi cnmed Ae AtJanlie, was die ' ' Saianotk* 
a boat buOt and c quif ipi M i at tbe port of Nev York. TUs 
▼eaad p to cw id B d, in 1S19, froai Kev Yofk to Lmrpool, 
without sfeopfuig^ at aay mtenne^ate port; she thea 
to St. PetenboDigk, tonrlring at Copeobagcn; she then 
crooBed the AtJaatir. It appean that steam was emploffed 
ovly during: pait of the Torage. £adi trip was made in 
tweatj-fire daja. The enterprise, thus midertaken by 
Ameriea, was iiu'whi fully completed by the exertioiis of oar 
own cuuulijuMtt. In 1836, the ** Sirins** pafuim e d the pas* 
sage from Coric to Kew York in niDeteen, and returned m 
eighteen, days. The *' Great Westeni** left Bristol a few 
days after the Srins, and leaehed New York in fiftmn days, 
where the Srins had arrived only a few honrs b^»« ; she 
retmrned home in foorteen days. Hie average qpeed of this 
Tessel was nine nantiral miles per boor. 
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ld9. Who were the earliest projectors of steam nariga^ 
don? Bywhom was the invention first practically apfdied^ 
— 140. In what respeet does the mode of propolsioQ of ^ 
steam vessd agree with, and in what does it differ lirMi 
thatofalandengme? What kind of engine is eomiiM^. 
used in steam vessels? What is the relative positififi vi '^ 
beam and cyfinden in land and marine engines, refefM^A kA 
What is the proportion of the cylinde« in ea«i. uu^ 
engine ?— 141. E^lain the general conslznctiwi gU m^ 
bmler. What olject is seemed by thU modt u* *,ui0^ 
ti«i ?— 142. How is the thermometer empWy«( ^ . 
catorofthesallneasofthewaterinboikw* V.^. 
resolt of Mr. Dmnen's experiment on itk su^^ 
is the principle of Dr. Lordner's oootriiawpt #- . ,, 
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the saltncss of tho water in boilers? Esplain the metW 
adopted by the Messrs. Seawird for this purpoae. — 143, 
What is meant by hloicing out T At wiiat intervals ii tIA 
process usually repeated ? What is the object of briv 
pumps ? How is the heat of the discharged brine econo- 
mised ? — 144, How is the power of a marine engine Mi- 
mated? What is the objection to this mode of estimstioD^ 
What are the comparative adrantagea of a long-, andoft 
short, stroke of the piston ? What is the estimated yelod^ 
of the piston ? — lib. Explain the apparatus connected wift 
the cylinder ; the posidoii of the beam ; the action of llie 
beam on the connecting-rod and crank ; and the method bj 
which both the beams of each engine act in propelling the 
vessel. — I4(i. What mode of condensation haa been gent- 
rally adopted in the engines of steam vessels ? WTiat is tin 
uanal size of the condenser, relatively to the cylinder! 
How is the vacuum in the condenser ascertainej ? Wbtl 
are the usualproportionsof the air-pump in marine enginet? 
—147. What is the method of condenaation adopted by Mr, 
Samuel Hall? Wiiat are the objects of his inventioo, h 
set forth in his patent? — US. Explain the constructiw 
of Hall's patent condenser. — 149. Describe his disdllin 
apparatus.— 150. What is the plan of the steam saver?— 
151 — 153. State the advantages which the patent enmaeirf 
Mr. Hall possesses over the common injection engine. — 158. 
What is the novelty in Mr, Howard's method of vaporin- 
tion? What advantages are proposed by it? Exjilain lit 
method of generating steam ; and his process of condeiiu- 
tion. What was the result of his experiment in tin 
"Comet"? — 159. What are the usual dimensions of the 
valves and steam passages? Explain the position of lii 
eccentric. Describe the apparatus of the expansive valm 
— 160. By what modifications of the engine may the expaif 
sine principle of steam be brought into more extemin 
operation? — 161. Eiplain the causes which produce a lost 

of power in the construction of the paddle wheel. 163, 

Vhat is the conatraction of Field's cycioidai wheel? Whil 
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are the advantages, and disadyantages, of this contriyance? 
— 164. Describe the general construction of Morgan's pad- 
dle wheel. What are the comparative merits of the paddle 
wheels already described? — 165. How is the power of an 
engine affected by deep immersion of the paddles? — 166. 
What is meant by a r«4/?n^ paddle ? What are the advantages 
obtained by Mr. Hall's patent reefing paddle wheel ? — 167. 
To what circumstances is the success of the *' Ruby'* steam 
packet attributable? — 168. Enumerate the several parts of 
the marine engine, with reference to the plate of the frontis- 
piece. — 169. Describe the construction of the engines of the 
** Gorgon." — 170. Explain the construction of the screw 
propeller. — 172. What are the advantages of this mode of 
propulsion? — 178. In what ratio does the speed of a vessel 
increase with increase of power? — 174. What are the results 
of the experiments detailed by Mr. Barlow ? What evidenoe 
do these experiments furnish of the relative economy of 
using Morgan's wheel and the common radiating wheel ? — 
175. What are the further advantages arising from the 
principle on which these experiments were founded? — 176. 
What are the advantages gained by the substitution of iron 
for wood, in the construction of steam vessels? — 177. In 
what respects did the engine of Fulton's first steam boat 
differ from that used in the present day? What rate of 
speed was attained by Fulton's boats ? What was the form 
of his boats ? — 178. What improvements were introduced by 
Stevens ? — What rate of speed was attained by his boats ? — 
179. On what circumstances does the great speed of the 
American steam vessels depend ? — 160. How are the Ameri- 
can steam boats classified ? What are the peculiarities of 
the steam boats of the Hudson, and of those of the Missis- 
sippi ? What are the defects of the sea-going vessels of 
America ? 
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APPENDIX. 



1. ON THE CAUSES AND PREVENTION OP SLIPS OB PALLS 
OP EAllTH FROM THE SLOPES OP EXCAVATIONS ON 
RAILROADS. 

181. Slip on the Great Western Railway. — The recent 
calamitous accidents which have occurred on the Great 
Western and the Croydon Railways, owing to falls of earth 
from the slopes of the cuttings, have excited considerable 
interest on the subject. The shock felt by the public, on 
the former of these occasions, was testified by the circum- 
stance, that the passenger traffic on the Great Western line 
for the week following the catastrophe, was upwards of 
£2000 less than that for the week immediately preceding it. 
On the 24th of December last, a train, consisting of 17 
goods waggons, a station truck, and two passenger trucks 
containing about 38 persons, on reaching the middle of the 
Sonning-hill cutting, about two miles and a half from 
Reading, came in contact with a mass of earth which had 
fallen from the slope on the side, and covered one of the 
rails to the depth of about four feet. The engine ran ofiP the 
rails, dragging the tender with it; the passenger trucks 
were thrown athwart the line ; the passengers were dashed 
out by the concussion, eight were killed upon the spot, and 
seventeen more or less severely wounded. The soil where 
the slip occurred, and immediately opposite, where there 
has been another slip, is clay; but, except at these points, 
the surface of the slope was covered with grass sward. The 
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cuttiog is witfain one or two feet of 60 feet perpendicular 
altitude, and the slope is two base to one perpendicular, or, 
as it is technically called, tico to one. The length of the 
slip was about 90 feet, but the quantity of earth which fell 
was comparatively smalL Upon the top of the slope was a 
spoil bank, from 150 to perhaps 250 feet wide, and averag* 
uig 12 or 14 feet deep. Mr. Herapath states, that the slope 
is flatter than that of other cuttings which he has known to 
stand well, though apparently of as bad or worse material. 

182. Slip on the Croydon Railway, — On the 7th of 
January last, an extensive fall of earth took place between 
New Cross station and Finch* s Bridge, on the Croydon 
Railway, by means of which the surface of the east line was 
covered for about fifty yards, to the depth of nine feet. 
' ' The soil composing the slip is of the most treacherous and 
heterogeneous description. The foundation of the cutting 
is of blue clay, lying upon a stratum of gravel, shclb, 
sand, &c., and the earth composing the slip is of a yellow 
sort of clay of a most soaping nature. The soil which has 
fallen contains patches of blue clay, sand, ochre, sulphate of 
lime, septaria or cement stone, and other materials of a 
highly pervious description, so that when the earth becomes 
saturated with water, it appears to be almost in a state of 
fermentation from the different masses being disintegrated 
and moving one over another. This slip is no doubt caused 
by the pressure on the slope, which, towards the north part 
of the cutting, has also forced up the bed of the cutting, 
together with the rails. A ditch or drain was observed on 
the top of the cutting, parallel to it, which, it is to be feared, 
has helped to cause this slip, if, indeed, it has not been the 
primary cause of it." — Railway Magazine^ January 8, 1848. 
183. Effects of Water on Clay Cuttings.^*' It is of no 
use," observes a writer on this subject, ** to look for a 
remedy in any new arrangements of the rails, or in the 
adaptation of the engine. Do what you will, in these 
respects, a momentum, produced by a weight of 12 or 14 
tons, running with a velocity of 20, or even 15 miles an 

T 
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hour, suddenly checked, would tnd defiance to it. ThesuntI 
and llie Ijesl remedy U to prevenl obgtructioiu." 'Reaee,iix 
question becomes one of ffcolofficalimf ortasce, and involTn 
an acqoaintance with the pro|ierlies of claja, sandi, ud 
limestones, the varieties of which eoostjtute the great mua 
of strata composing the crust of the earth. Tho following 
remarks are condensed from a paper recently published ia 
the "Surveyor, Engineer, and Architect," with partitnlir 
reference to tho railway accidents above described, Tie 
writer observes that clay is a material which presents to tJ* 
engineer more uncertainty and difficulty, and therefore »■ 
quires mors of his judgment and expcrieoce, than lO 
other kinds of cuttings together; that almost all geologiol 
fonnations comprise strata of clay, which the engineer m»f 
have occasion to penetrate in carrying on the vrorks of Tail- 
ways ; and that no dependence whatever is to be plaoed 
either upon tlie apparently lirra or really tenacious charactff 
of the clays, which enables them for a short time to stoiJ 
quite perpendicutar, but which is soon foand to have be«D 
M completely deceptive, that slip follows slip in ra^nd suc- 
cession, till the whole face of the ectting ia broken up- 
The clay cuttings are subject to two kinds of destmclioiV' 
the effect of water on the face of the slope, and the effect of 
water penetrating from behind. On these tirv camtt of 
falls of earth fVom the slopes of cuttings, this writer dti* 

(1.) " When their section is Irfi exposed on Ihefaete] 
the slope, they readily imbibe all the moisture which fUb 
upon them in the form of rain and snow, and the process of 
destruction thereupon immediately commences something in 
the following manner. The rains wash out of the creviM 
and hollows of the slratiScation numerous particles, whid 
tho water will eitlier dissolve or hold ia susjiension, alil 
then the natural hollows and porosity are somewhat in- 
creased. Dry weather or winds probably succeed the rains, 
and many loosened particles are converted into dnst and 
le away. Slight diminutive falls now tak« place on tlM 
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slope, but these are at first so small as to be scarcely per- 
ceptible ; they are, in fact, the roofs of the minnte caverns 
vbich have been already formed; by the succession of 
atmospheric changes these caverns are greatly enlarged, and 
the whole action is much extended, until at length a con- 
siderable part of the slope is undermined, and a serious fall 
takes place, simply because the support of a heavy mass has 
at last been entirely carried away. All this, we are to 
observe, has been effected without water from behind ; and 
as this mode of action, where it either exists or is appre- 
hended, should give rise to an entirely different treatment 
by the engineer in dressing the slopes, it is important to 
distinguish between the two kinds of destruction. 

(2.) ** Where water penetrates from behind, it soaks into 
the surface through some porous or permeable stratum 
which admits of its percolation, and although solid clay, 
even 'without puddling, is a tolerably water-tight material, 
yet most of these shales are so loosely laminated, or contam 
so much sand in. the partings or seams of the laminae, that 
water will find its way between them without much inter- 
ruption. When the water has once arrived at the slope, the 
supply of moisture from behind being tolerably constant, its 
modus operandi is not difficult to trace. Minute particles, 
as before, are at first washed out. Warm weather dries the 
sides of the pores into dust ; winds, rain, and hail storms 
carry out the dust, and even larger particles ; larger hollows 
in time are formed, the tendency of every natural pheno- 
menon being to increase and not to retard the destroying 
process, till at last serious falls begin to take place, and then 
people begin to exclaim, for the first time perhaps, that the 
slope was not sufficiently flat." The writer of these ob- 
servations ridicules the outcry which is generally made by 
the public against the steepness of the cuttiugs ; he repeats 
that a slope of two to one is amply sufficient, and points 
out the case ofHighgateHill, where the slopes at this very 
hour are six or seven to one, and where they are even now 
slippbg. 
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184. Effects of Frost on Cuttings. — The injurious effect 
oi frost on cuttings is frequently masked by the dry appear- 
ance of the frozen surface of the slope ; this circumstance 
appears to have deceived the inspectors of the slopes of the 
Sonning-hill cutting ; they thought the wet was dried out 
of it by the frost; but the mischief was at that very time at 
work beneath the surface, and, as soon as the frost broke 
up, or even relaxed in its severity, the slip immediately 
took place. ''The Sonning cutting consists of nearly 
horizontal strata of sand and clay alternating with each 
other, and through the permeable beds percolates a certain 
quantity of water, which is received into them somewhere 
on the surface of the ground, at a greater or less distance 
from the top of the slope, and of course in a greater quantity 
than usual after heavy rains. When this water reaches the 
slope, if nothing prevents its escape, the consequences take 
place which we have described above ; but if any thing ob- 
structs the trickling out of the water, the particles acted on 
by the water, and carried by it either in solution or in 
mechanical suspension, are accumulated beneath the frozen 
face of the slope, where the closeness and solidity of the 
stuff are increased by the infusion of the particles trans- 
ported by the water. This pressure continues until either 
the frost gives way, or until the pressure itself becomes 
sufficient to break through the frozen surface, when a hol- 
low is immediately formed, and a portion of the previously 
incumbent earth, being left without support, immediately 
falls. Whether the slip thus occasioned be considerable or 
not, depends upon the extent of the hollow suddenly formed 
by the breaking out of the interior stuff; but in either case, 
we hold it to be an error that slips so occasioned take place 
without warning. We consider the strata themselves, by 
their very disposition and structure, afford a warning; the 
frost accumulates the evidences of danger, and, in most cases, 
previous swelling on the surface of the slope clearly points 
out the coming danger in a voice of warning which cannot 
be mistaken." The writer of these remarks does not attach 
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mucb importance to the expansive effect of frozen water in 
producing slips of cuttings. He obsenes, tliat where na- 
tural fissures or considerable natural cavities exist, the 
water which fills them may, by being frozen, burst the 
aurronnding materials ; but that, in the ease of ordioary 
cuttings, the severest frost does not penetrate more than 
eight or ten inches into the ground, so that the water below 
this level is beyond its influence, and not subject to the 
expansion which would be occasioned by its congelation. 
It may be also remarked, that slips seldom take place 
during the frost, as would be the case if they were prodneed 
by the freezing of water, but immediately after the frost, as 
ntight naturally be expected from the cause above explained. 
185. Treatment of the Surface of Slopes. — There are two 
ways of treating the finished surfaces of slopes, aecording as 
the cuttings are originally wet, or free from moisture. 
These axe, first, to cover the surfaces of deep cuttings with 
a soil of vegetable mould, which is usually sown with rye 
grass and clover seeds, in order to protect the surface of the 
slope from external influences ; or, secondly, to face tbem 
with greensward turfs. On this point, the above writer 
observes: — "Where the strata intersected by the cutting 
are found perfectly dry, and where there is no reason to 
apprehend the penetration of water from behind at any 
future time, we are strong advocates for the practice of 
protecting the slopes either by soiling or turfing, because 
this expedient will prevent the only injury to be appre- 
hended in such a case, namely, that wliich might arise from 
external causes acting on the face of the slope. £ut, on the 
other hand, when the strata contain water, or even when it 
is at all likely, from the alteration of watercoursea, or from 
any changes which may take place on the surface of the 
adjacent lands, that during heavy rains, or at any other time, 
water may penetrate from behind, and reach the surface 
of the slope, then, in all such coses, a more dangerous 
or injudicious expedient than turfing cannot possil'' 
Ka^pted, aod the following is our reason fur think 
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Referring to what has hefore been said on the action of 
water penetrating beliind the slope, and carrying ont minnte 
particles as the first part of the destructive process, it is 
obvious that this must for a tune be impeded where the 
surface of the slope is covered with turf. Thns an effect 
analogous to that of frost is produced by any artificial 
covering of the slope; an accumulation takes place behmd 
this coverings and exerts a pressure which in time bursts 
suddenly through it, and then down comes a considerable 
fall. Hence this very important objection to artificially 
covering the slopes, that the incipient action of water firom 
behind is conceided from observation, aad is probably only 
observed just before the slip is about to take place. It is 
true that a heaving of the surface where it is turfed is 
usually produced before the confined stuff breaks out, and 
this, if closely observed, ought to afford sufficient indication 
of the coming danger; but this appearance, as in those cases 
where the ground is disturbed during frost, may frequently, 
and no doubt is frequently^ overlooked, and disastrous con- 
sequences ensue from the negligence. 

186. Illustration of the above Principles, — * "The New 
Cross cuttiog on the Croydon Bailway had its slopes on 
both sides turfed, and presented, when finished, a very 
handsome appearance: at this time, also, there was no 
appearance of water, the cutting, when finished, being re- 
markably dry. It happened, however, that more than 
twelve months after the completion of the cutting, a bed of 
sand, which had hitherto been dry, was penetrated by water, 
which shortly converted it into a running or quicksand, and 
eventually l^rought down lately some very extensive slips. 
It can scarcely be said that any error of judgment was dis- 
played in covering the slopes of this cutting, lor probably 
there never was a work which reflected more credit on the 
engineer than this cutting, and probably every engineer of 
the day would have considered the slopes safe, and, calcu- 
lating on their remaining dry, would have followed Mr. 
Gibbs* example of covering them ; yet, having added some- 
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the line at which these beds crop out on tlie surface bbtrtt 
It is true that the indication thus afforded is often t«7 
deceptive, because a change may have talten place in iW 
inclination of the strata, which cannot be observed, and fin 
all attempU to discover the precise outcrop may hecnne 
utterly fruitless. Supposing:, however, the dip to be uai- 
form, and the outcrop discovered, it is at tliis verr pwn 
where the principal dangfr will arise ; and the great oiyul, 
therefore, is to prevent the penetration of ivater at tbii 
pobt For this purpose two expedients present themselfw, 
viz. the construction of a puddle dam either at the out- 
crop of the stratum, or at the point where the sti 
appears on the slope. The former locality is to be preferred, 
whenever it is jiracticable to find the outcrop, for by thii 
means the water is prevented from sinking- at all nto ll 
stratum. The puddle employed on these occasions consii 
of clay, mixed with a proportion of sand ; these, being mi 
worlied togpether, form an effectual dam to the water, whi 
will flow over the surface to some more permeable stratiui 
The size of the puddle dam will depend upon the Ifogli 
and dip of the bed of sand ; for cutting off the water fi 
bed of two feet in thickness, a dam of about 2 yards ■ Ij 
yard, or 3 cube yards of puddle per yard lineal, will Mm- 
monly be sufficient. The puddle should be extended loop- 
tudinallj as far as the dangerous stratum malies its appe^^ 
ance on the slope ; and where it is at once effected as ft p«rt 
of the original worlt, its cost wiU be quite incoDsiderabk 
being not more than three shillings per lineal yard. ' 
cases in which the precise line of outcrop cannot be asce 
tained, it is recommended to trench and puddle a certM 
eitent of surface, perisaps a zone of 50 yards or more 
cost of this, being a mere surface work, need not be 
than a foot in depth, and will not exceed, in point of et- 
pense, about fourpence per square yard. 

188. Prevention, of Slips by protection of the Slopet'- 

"'n many clay cuttings, the permeable strata cannot be treed 

Lithe surface, or outcrop, as when the strata of sajid and 



EXPLOSION OF STEAM BOILERfl. 2N| 

clay are so intermixed as to have do re^lar dip. In thtinp 
cases, the treatment must be applied to the giopc ItNolf ; ttti<l 
'Mt consists in a protecting work of rough unhown NttintiM, 
abont six feet in thickness, the stones to bo pit(;h(«d fit rl^ftif 
angles to the face of the slope. Almost any daMtrlptlon of 
stone will answer for this purpose; and, if rou^h hUwMn of 
sandstone or limestone, such as are used for fmildln^i t*M\- 
not be procured, blocks of hard chalk may be p1m;<<d In ttiM 
work. It is evident that such a protection will tumi vttry 
little in any district where stone is abundant* Kvitft In tliM 
neighbourhood of London, where it would \w t^)wn\mni to 
oonstruct it of chalk, the cost of a protoctin^ worii of thU 
kind would not exceed 40s, per lineal yard, It f«lioi)ld Ihi 
understood that, in placing these uUmMf no tnortar iri to 
be used, and any vacuities which may e%\ni wiuir^t tlmy art* 
placed together, will not deteriorate from tluf Mi^\mvy of tlu« 
work, because the puddle which Is to be carriifd up hMliiitd 
the wall, will effectually prevent any watitr from rt*u4'h\uin 
it.'* The paper, from which these exirmtU am rnailn, con- 
cludes with a sketch of a design for preventln(( fuiiim ntJpM 
at New Cross HilL The writer maintains that all CiiiurM 
slipping may and can be prevented , if proper mttanN Im 
taken to protect the slopes* 



II. OF EXPLOSION or NTRAM HOrMQIlN. 

189. Explosion of Steam BaikrM." -In 1H»0, an osiay was 
read by Mr. Hugo Reid, before the i'tdiosophhial Hodoty of 
Glasgow, on the causes and means of preventing the explo- 
sion of steam boilers. These casualties, it appears, had 
become more frequent. From 1817 to 1680 inclusive, a 
period of twenty years, there were 14 explosions of steam 
vessel boilers, occasioning the loss of thirty- three lives; and 
during the period of the following two years, and a part of 
the third, no fewer than 10 explosions had occurred, by 
which forty-five lives were lost. During the year 1838, 
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three TeueU were destroyed, prubablj ttova defective mi- 
chinery, and one hundred aod fourteen lives tacrificed. Hr, 
Reid, writing in tlie year 1839, states, that the explodoi! 
since the coroinenccmcDt of 1B3T, have been ^ve timtt tkt 
of the average of a. similar period in the preceding- ti 
years; whereas the number of steam vessels EincelBST, h 
legs than three Hates that of the averag-e of three years, fino 
1817 to 1836 inclusive. The tliree years 1837-9, beinjml 
yet complete, renders the increase in explosions still large 
in proportion. This proportion — of explosions t< 
ber of steam vessels— may be said to have been, i 
nearly double what it was previously. These a 
startling, — and the more ao, when we are informed, tball 
few simple contrivances would render explosions imposdUSi 
and that it is disgraceful that snch an occnrrence ai Ik 
explosion of a steam boiler should ever tatce place. 
sions of steara boilers are distinguished byMr. R«id ii 
kinds — "explosion outwards, or explosion properly H 
called, when, from the elastic force of gaseous matterwi" 
the boiler being greater than it can support, it is ban^d 
its sides forced outwards; and collapse, ytbea the fl 
the boiler are forced inwards by the atmospberio p 
from want of support, arising from diminution of tbe M 
ance within. When the flues pass through the I 
explosion of the latter is at the same time collt^te o(9 
fiue, which must be distinguished from the true c " 
first mentioned. It is a collapse as regards the ( 
explosion as regards the boiler." Explos 
termed, may arise fnim inefficiency of the safety \ 
from weakness of the boiler, 

\9Q. Explosion from lne£iciency of the Safet^Vah 
I. The safety valve is sometimes overloaded bjr the e 
man, or kept closed by pressure on the lever c 
it. There is a temptation to resort to this practice inlj 
of competition among steam vessels plying o; 
or when a railway engine has to aaeend an inclined pita 
when it i& de&lred tu accumulate steam of high pr« 
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Uie purpose of a good start. Mr. Daiid Napier stated, in 
^U evideDce before the jury at the inquest on tlie ciiploKion 
pf the Victoria, that "the engineer ouftht to have removed 
a weight on the lever at Blackball, going; and com- 
ing, and the accident covdd not have happened." Every 
txiUer should be provided vrith two sufficient safety valves, 
me oftckich should be inaccessible to the engine-man, and 
(he other accesaihle both to him and to the persons on board 
the packet. In casea in which there is only one safety 
valve, the weightG should be so adapted as to be capable of 
leing removed all at once by means of a lever, and not 
ringly, as is the case in some of the smaller boats. Mr. Reid 
tHvperly observes, that "no one can foresee those sudden 
emergencies at which the action of the safety valve is eaaen- 
o give vent to an accumulation of steam; and that it 
cannot be looked upon as security at all, unless it be always 
in such a state as to rise instantaneously whenever the 
fteam tends to acquire undue force." 2. The aperture of 
^e valve may be of insufficient size. On this subject, 
Ts. Maudsley and Field observe: — "The safety valves 
^ould be lai^e enough (o admit of the escape of the whole 
pf the steam, when the engine is suddenly stopped, without 
its rising more than half a pound on the inch beyond the 
jisual pressure. Two valves, having an area of one square 
inch for every horse power, are sufficient for this purpose. 
/Those valves should be so constructed that no increase of 
weight can possibly be put on, even by the eogioeer; and 
there should be provided an apparatus by which they may be 
ODDveniently lifted from the enpne-room, when it is requi- 
ie off the steam."— iJepor/ of Messrs. Parkes and 

191. Explosion from Weakness of the Boiler.— Ir the 
" Report" above alluded to, tlie following 
made by the Messrs. Seaward: — "Of the 
which have heeti suggested by different persons to account 
'or the explosions of steam boat boilers, such as the sticking 
if the safely valves, the igniting of explosive gase 
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af feed and heating of the mclal plates, the sudden ii 
aioQ of a large quantity of feed and consequent generatiig 
of an unusual Tolume of Eteam, and other pretended a 
of similar character, not one, in our oiiinion, is deservind 
the smallest attention; they should be all scouted as merclj 
calculated to mislead the inquirer from the only true va 
of these accidents, which is simply, that ihe materiah oflh 
boiler are not eafficienlly strong to teithsland the foraif 
the steam. It is, however, true, that a boiler may lose iB 
water so far as to allow some of the internal parts to bi 
red hot, and thereby assist in producing- a collapse irhoi 
high-pressure steam, or steam of a dangerous presEure, ii 
used; but the circumstance of some internal part of aboila 
becoming red hot, ought not to be considered a 
immediate cause of the accident, iiecause the losing of feed 
in B boiler, and the consequent heating of a flue red hot, ii 
a, mishap of Tery frequent occurrence in low-presstire boilcn; 
but no accident has ever occurred on such occasions, calcu- 
lated to occasion loss of life or personal injury. The (ictii, 
that the parts of a boiler liable to beeonie red hot, shooU 
even in that state be sufficiently strong to resist the forceof 
the steam, so that no dangerous collapse shall take pi 
and all good low-presaure boilers are so e 
Messrs. Seaward state their belief, that of the many 4 
dents occurring in steam vessels through iniperfectioi 
boilers, it will invariably be found, that they have lupp 
in vessels in which steam of high pressure haa been tt 
and in no instance with steam of low jircssure, that b 
pressure not exceeding dibs, on the square inch. 
further stale, that of the numerous accidents < 
steam boat boilers from the use of high- pressure si 
steam of dangerous pressure, it will he found, that & 
proportion, probably half, have occurred through ( 
lapsing of large internal cylindrical chambers or ] 
employed in such boilers ; the remaining accidents I 
occasioned through the bursting or rending of the ( 
casings of boilers. 
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a of Messrs. "Wright 
s already well known as the 
B-inventor of the electro -magnetic printing telegraph, tho 

■ electrical clock, &c. From tbe models and diagrams ezhi- 

■ t^ted at the Polytechnic Institution, it appears that the 
" 1 the conveyance of the electric fluid 

Iffrom a battery to be placed in the locomotive engine by 
l-which the train is drawn, to a pilot locomotive engine by 
ilrtiicli the former is to he preceded on the railway at the 
) of about a mile and a half. If, therefore, any 
Bobatacle occur on the railruaJ, by which the pilot locomotive 
< is stopped or disturbed in its course, the communication 
through the electric fluid will he broken, and ocular notice 
by means of an index attached to the locomotive engine of 
• the train will he immediately given to the engine driver to 
) put on the breaks and stop the train. Should no attention 
*' be paid to the index, the apparatus on the locomotive of the 
i train in connexion with the wires extending to the pilot, 

I will cause a gong to be struck, and thus convey further 
warning ; and, should this be neglected, the apparatus will 
cut off the steam of the locomotive of the train, apply the 
breaks, and tlius, witliout the interference of the engine 
driver, prevent the train from proceeding. The 
fluid is conveyed from one locomolive lo the other by 
of wires laid between the rails of the railroad, which 
are constantly in contact with the locomotive engines 
B means of feelers, which descend from the locomotive 
m and pass along the surface of the wires. According 
a. miniature exhibition of the models of the machines, 
b invention is conclusive as to safety and efiicacy: 
« whether it would be equally successful in actual operation, 
1 1 it is impossible at present to say. The v ~ 
' affected, as conductors of the electric fluid, by 
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This fact has been iiscertainec] at the above Inslitution, b^ 
passing ihem through the tank, and then commuDicatJng 
the fluiil. 



193. Object of Rotary Engines.^lt occurred to W»U 

that, in cases in wluch motions round an axis are reiioired, 
as in workshops and manufactories, steam vessels might bs 
coQStnicted in the form of hollow rings or circular clun- 
nels, with proper inlets and outlets for the ateam, moimttd 
on horizontal axles, like the wheels of a water mill. fij_ 
such an appuratus it was proposed to dispense with all Q 
machinery which, in the common steam engine, 
posed between the steam and the axis of motion, 
purpose of converting tho alternate rcctitioenr 
circular motion, as the cjlinder and piston, the beain, d 
the crank. It was thought that a loss of power is : 
by the use of the crank, and that a circular moCioi] 
panied with the development of the greatest power, n 
at once produced, by causing the steam to act immediall 
upon projections on the circumference of the wheel, i 
follow it throughout its entire revolution. 

194. Objections to liotart/ Engines. — Mr. Scott Bn^ 
has pointed out the fallacy of this project, 
which appeared in the Transactions of the Scottish & 
of Arts, he states that, in theory, the ordinary crank h 
the defects usually attributed to it, and which it U'l£efl 
object of the rotary engine to remedy — "hecaasp, 1,3 
velocity of the crank is in the inverse ratio of the p 
upon it; because, 2, the mean pressure on the crank d 
the whole revolution is less thsji the pressure o 
only in the proportion in which tho whole space moved a 
by the latter is less than the space described by the foil 
so that the whole effect is equal to the whole power; J 
cause, 3, the steam is not at all expended at the d 
\ points, and because its expenditure is at every point e. 
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p^portioned to the pressure which it gives out, the velocity 
of the piston being in that ratio." Again :^^** In ^i. practical 
point of view, it may be shown, that the rotary steam engine 
is greatly inferior to the common reciprocating crank engine 
in simplicity of parts, easy construction, precision and uni« 
formity of work, and durability and economy in use; and 
that it does not possess any of the peculiar applicability that 
has been attributed to it, to the great purposes of inland 
navigation and railway transport.** 

195. Classification of Rotary Engines. — Mr. Russell dis- 
tinguishes rotary engines into four classes :^- 

1. Sotary Engines of Simple Emission. 

2. notary Engines of Medial Effect. 

8. Rotary Engines of Hydrostatical Reaction. 

4. Rotary Engines of the Revolving Piston. 
1. The first, class of rotary engines may be illustrated by 
the machines of Hero and Branca (pp. 20, 21). On these, 
Mr* Russell observes, that '* there is no possibility of obtain* 
ing^ by simple emission, in the most favourable circum- 
stances imaginable^ more than one-half of the whole power 
of the steam, so as to make it available to useful mechanical 
effect. The other half is wasted in giving off its impulsion 
to the air,, or is expended in a current equally unavailing. 
2. The second class of rotary engines of medial effect are 
those which do not immediately give revolution to an axis, 
by the action of steam upon a wheel, but have at medium of 
communication between the power and the effect, which 
medium is the direct agent in circular motion. This class 
of engines will be well understood, by taking as its type any 
simple steam machine, such as Savery's or Newcomen's, 
used for raising water ; which water, by falling on the floats 
of a common mill wheel, will then give rotary motion to it. 
In this class of engines, the loss of effect is manifest; for it 
is necessary that the steam, in order to produce the circular 
motion, shall give out its force In setting the medium in 
motion, and in overcoming the very great resistance of the 
liquid in all the pipes and passages and valves, through 
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which it is transmitted to alternate sides of the wheel in 
every revolution. The force thus subtracted from useful 
effect, is power lost/* 3. In the thir<i class of rotary engines 
of hydrostatical reaction^ the principle of action is as fol- 
lows: — '* Steam is admitted into a circular channel, or 
chamber, on the circumference of a wheel. This chamber 
is partially filled with some liquid; the pressure of the steam 
is expended in pushing the mercury in one direction, and 
the end of the chamber in the opposite way; so that, while 
the liquid is thus forced out of the chamber, the chamber is 
by an equal force pushed away from the liquid. The wheel 
is thus moved round. It is apparent that a part of the force 
is employed in propelling the wheel, and the remainder is 
expended in overcoming the resistance of the liquid of reac- 
tion, and expelling it from the chambers, which remainder is 
a large portion of the power withdrawn from useful effect." 
4. In the^ttr^A class of rotary engines of the revolving pis- 
tan, ' ' the steam is confined in a close and rigid chamber, 
and acts lOnly on solid inflexible surfaces, and escapes along 
confined passages, so that its full effect may be obtained in 
useful work. Abstractedly considered, it is an engine capa- 
ble of giving out the full power of the steam, and, therefore, 
may fairly be imagined to come into competition with tlie 
ordinary reciprocating crank engine. The objections to it 
are entirely of a practical nature, and regard the engine, 
not in its abstract mathematical form, but as a machine 
made of destructible matter — of matter imperfectly elastic — 
of surfaces offering resistance to motion — of matter obeying 
the known laws of motion and rest." 



THE END. 
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BEPORT OF SIR W. BDWARD PARRT AND MESSRS. EWART 
AND LLOYD ON HALL*S CONDENSERS.* 

196. In pursuance of Sir George Cockburn*s minute of 
the 19th of February, 1842, on the statement accompanying 
Mr. Samuel HalPs note of the 7th of February, we beg 
leave to submit the following Report, founded upon all the 
information which could be obtained respecting the results 
of the application of HalVs Condensers to vessels not in her 
Majesty's service ; and upon consideration of the present 
condition of the condensers of the ''Megaera,** and the 
efPects which this system of condensation appears to have 
produced with regard to the consumption of fuel, and the 
condition of some parts of her engines and boilers. 

Having understood that Hall*s Condensers had been tried 
in several steam vessels belonging to the St. George's Com- 
pany, and subsequently removed from them, Commander 
Bevis was directed to make special inquiry as to the circum- 
stances attending such removal. By Commander Bevis* s 
report of the 10th of March (enclosed herewith), it appears 
that these condensers were applied to six vessels, and re- 
moved from them after a trial varying from two to six years, 
in consequence, as it is alleged, of their complicated con- 

• * This Appendix, recently furnished to the Author by favour of 
the Lords Commissioners of the Admiralty, completes the Reports 
of Mr. Samuel Hall's Condensers, lUerallyf to the present day, and 
forms a continuation of the subject introduced into the body of the 
work. Seepp. 211— 231. 
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Ktructlan, and the difficulty of keeping them in ordai. 
This is entirely' at variance with the experience afforded b; 
the "Megiera" during a trial of four years, during theliai 
three years of which the condensers were not e^en openeil 
for inspection, and they are now id good condition. ~ 
Report of the Engineer Officers of Woolwich Yard, 
I Ith of March, transmitted herewith, is conclusive on iHi 

Although in ordinary cases the vacuum is better villi 
Hall's condensers than with those of connmon conslmc- 
tioo, it is necessary to state that we have been infonuBl 
that in tropical climates, where the temperature of them 
water used for condensing the steam is high, the priKW 
nf condensation is less perfectly performed by Hairs con- 
densers than by the common ones. An application has been 
made to the East India Company to furnish any facts whici 
might throw light on this part of the subject, but they do 
not at present possess the required information. If, how- 
ever, this difficulty should be found to exist in a trojuui 
rlimate, we think it probable some means of obviatiDg it 
might be devised.' 

To ascertain the saving of fuel, we have made a cam- 
pariiion between the consumpticin in the "Megiera" ami 
the "Volcano." The boilers of the "Volcano" are nf 
copper, and those of the " Megiera" are of iron, with HalTi 
condensers; in other respects the vessels are alike. 

From the aocompanying account it will he seen that ihe 
aTerage daily consumption of fuel on hoard these vesseh 
has been obtained in two ways, perfectly distinct from euili 

First, by aBcertaining from the logs of the respecltn 



• In reply to the statement respecting defective coiidenratioa ' 
tropicBl climaleg, may be adduced the eountcr-Btatcment r' - - 

engineer, whose testimony has beBn already furnished 

jeel fp. 226). Mr. Lambert says, ■■ I am asloDished to ilind, wT 
return from India, that tie patent e 
tdoptpd, esptciatty ^tfr hat rlinates, wli 
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essele the number of days on whicli the engines were at. 
ork, and comparing it with the total quantity of fuel 
ipended; 

Secondly, by taking an average of the conauniplion of 
ilel per horse power per hour, as reported by the eom- 

inders in the monthly returns. 

The average daily eonsnraption in the 

Megara was, by the first mode . \i^ Tons 
,, ,, second mode . 13^ „ 

Mean . . u\ „ 

Volcano was, by the first mode . 17^ „ 

,, ,, second mode . 16^ ,, 

Mean . , IB ,, 

bowing a saving per day of SJ tons, or nearly 20 per cent.; 
1 approximation, the vessel he supposed to run 
SO days in the year, and the cost of the' coal be estimated 
t 20s. per ton, the saving in the cost of coal would amount 
t £305 per annum. 

The comparalive consumption of fuel in these two vessels 

outd not mnterially differ from what is here pven, hut -wr 

t prepared to say that this great saving is entirely 

I be attributed to Mr. Hall's condensers. Some part 

light have arisen from the commanders constantly evincin;; 

strong desire to economize the fuel, and from the eare 

ad judicious management of the engineer. A considcrabia 

(ving, however, must, we think, always obtain from therp 

?silj for blowing out at short intervals a part 

■ the boiling water, from there being no incrustation within 

le boiler to impede the transmission of heat, and from the 

eessity which this system of condensation induces to pre- 

it, as far as possible, any waste of steam, as its place 

JJniHst bo supplied by fresh water produced by distillation 

ount can be rendered of the comparative cost of 
L these two vessels, in consequence of the repairs 
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being performed by contract, and of (he boilers □!' llic 
"Volcano" being made of cnpper; but cnnsidering that tbc 
whole of the internal parts of the boilers of the " Megtera" 
are now perfectly good, which, when salt water is used in 
iron boilers for an equal length of time, is never the case, 
and that the condition of some parts o( the engines i» cer- 
tainly better than if salt water had been used, we tbiok we 
Kliould not estimate too highly the annual saving' in reptin 
111 ,£150, which with the estimated value of the saving ia 
fuel, would amount to £675. 

The first cost uf the patent condensers, according to tk 
filatement of Messrs. Seaward anJCapel.b from .£7 toiSpei 
horse power; according to Mr. Hall, it is fVaiii£6 to ill) 
per cent, upon the coat of engines and boiler, or from Q j tu 
£i per horse power. 

In concluuon, it may be remarked that Hall's CondentwD 
aru calculated to enable a vessel to run without repairs fori 
longer time than common condensers; but to what extell, 
we have not had sufficient experience to enable us to 
with any degree of certainty. 

W. E. Parrv. 

P. EWART. 

T. Llotu. 



The Author ia enabled to state that tlie Lords Col 
sioners of the Admiralty have contracted with Mr. S. Hall 
for the application of his condensers to the Admiralty a 
yaoht, the "Black Eagle," — i<~«>i^equence, doubtleu, W 
the satisfaction caused by the jucc»a^f~nai^n)aace of ih 
'* Megaera." 
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AdbesioQ of wheels to rails, 146. 
Admiralty Packets, 257. 
Air-Ioggiog, 29. 
Air for combustioD, 77. 
Air-pump, 41, 61, 214, 249. 
American steam boats, 261, 266. 
Archimedean screw, 251. 
Arnott on tunnels, 182. 
Atmospheres, two or more, 7. 
Atmospheric engine, 26. 46. 
Atmospheric pressure, 7. 

Back water, 238. 
Barometer, 9. 
Bearing of axle, 185. 
•* Bee" engine, 173. 
Beighton's plug frame, 30. 
Bell crank, 158. 
Bell. Henry, 197. 
Blackett's experiments, 146. 
Blast pipe, 170. 
Blenkinsop's eng^ine, 144. 
Blowing out, 203, 250. 
Blowing through, 41. 
Blowing valve, 29. 249. 
Blow-off cocks, 203. 
Boiler, surface of, 82. 

capacity of, 84. 

forms of, 85, 200. 

strength of, 91. 

materials of, 92. 

deposits on, 93, 201. 

feeding apparatus of, 94. 

evaporating power of, 96. 
Boilers, explosion of, 28 1. 



Boilers, collapse of, 282. 
weakness of, 283. 
Boiling point of water, 2, 7. 
of sea water, 6. 
Braithwaite's •• Novelty," 156. 
Branca's engine, 21. 
Brine pumps, 204. 
"British Queen," 230. 
Brunton's furnace, 98. 

mechanical traveller, 
145. 
Buchanan's paddle wheel, 241. 
Bury's engines, 161. 
Button valves, 44, 70, 111. 

Cartwright's steam engine, 70. 

metallic piston, 107. 
Centigrade thermometer, 2. 
Chairs of rail?, 177, 178. 

of axles, 185. 
Chapman's engine, 145. 
Cistern, cold water, 41. 

hot water, 29. 
Clack valves, 44, 62, 109. 
Clay cuttings, 273. 
Clearance, 131. 
Cock, common, 117. 

regulating, 28. 

condensing, 28. 

gauge, 28. 

four-passaged, 31, 117. 

double-passaged, 1 19. 

blow-off, 203. 
Cold pump, 44. 
Cold well, 41. 
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Papio'i sleim engine, 23, 25. 


Sivery'i steam eaginc, S3. ■ 


his digester, 10. 
Parallel rail, 178. 


Screw prapeller. 251. , 


report of, 353. 


Parallel motion, 51. 171,249. 


Seaward-s slides, 115. J 


Passing places on railwaja. 181. 


Self-feeding apparatus, 95. J 


Payne's apparatus, 33. 
■'PeraeveraoM" engine. 152. 


Self-regulating furnace. 97. ^M 


Sensible beat, 4. S. ^M 


Pilot engine, 285. 




Piilon-rod. 104- 


Shock of paddles. 238. ^H 


PistoD, coaditioos of, 104. 


Side cutting. 179. ^M 


hemp-packed, IDS. 
Wooiri, 106. 


Side frames, 250. ^H 


"Sirius"sleam boat, 26>). ^H 


melallic, 107. 


Skiddingof wheels. 144. ^1 


Plug frame, or iree, 30, «, IIS. 


Sleepers, 177. 178, 35U. ^M 


Plug., ruaible. 80- 


Slide, Murray's. 111. ^M 


Pottei. Honiphrey, 30. 


Murdock-s, 113. ^M 


Power and tonnage. 335, 259. 


Seaward'!. 115, 34r^H 


esperiroenlBof. 257. 


D-sIide, 113. .^H 


Powerofengines. 205. 206. i 


Slip on Gieat Westecli, S^^M 


"President" steam ship, 231. 


□n Croyiloo railira*,^^^| 


Priming, 168. 


causes of, 273- ^H 


■■Princess Boyal." 252. 




Propeller, ecrew, 251. 
Puddle-dams, 279. 


Slips, prevention of, 379. ^^H 


Slopes, froien. 276. ^W 


Pumping appatalua, 61. 


treatment of. 277, m * 


Puppet cUck, 44. 


Smealon, 34. 


" Queen" steam ship, 225. 


Smitb'ii propeller. 251. 


Smoke coDsumer, 172. 


RacL-tail, 145. 
Rack and aectnr, 61. 


Sniftingvalve, 29. 249. 


Soanmg-hill culling, a7«. 


Itadius rod, 53, 61. 


Spanner. 60. 


Rails, materials uf, 176. 177. 


Spherical valvee. 111. 


Tormi of, 178. 


Spindle valves. 44.70, 111. 


Railroads, conslruclion of, ITS, 


Slaving lever, 250. 


lesistance on, 185. 


Steam, formatioo of. 5. 


Ramsay, James, 197- 


elasticity of. 10. 


Ratchet»heel,32. 


condensation of. U. 




mechanical force of. Hr 


Reefihg paddles, 244. 




Reg-lator. 168. 


high pressure of.lO, 77. 


neaistance on railroads, 185. 


eipansive force of. M, 


Rotary engiuas, 286. 


pressure, terupera(i:re id 


" Ruby," engines of, 246. 


denaly of, 126. 
applicauon of, 207. 


1 Salt in boilers, 201. 


Sleam gauge, 81. 


■ indicators of, 30i. 


Steam navigation, 194, 197, 


■ ■ San, PaveiV enRxne, \h\. 


Sieam springs, 143. h 


■ Savaiinali" steam \iQ-n,iea- 
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Stephenson's Killingwoith en- 
gines. 146. 148. 

Rocket engine, 152. 

new engine, 176. 
Stevens of Hoboken, 198, 262. 
Stroke of engine, 42. 

length of, 42, 206. 
Stuffing box, 40, 105. 
Sun and planet wheels, 47. 
Sway beams, 249. 
Switch rail, 181. 
Symington's steam boat, 197. 

Tappets, 45. 

Thermometer, 1. 

Throttle valve, 68, 116,249. 

Tonnage and power, 255, 259. 

Tracks of railway, 179. 

Tram-road, 143. 

Trevithick and Vivian, 80, 143, 

144. 
Tubular boiler, 88. 
Tubular-flued boiler, 87. 
Tunnels, objections to, 181. 
ventilation of, 183. 
Turn-outs on railways, 181. 

" Unicorn" steam ship, 198. 
" United Kingdom" steam ship, 
198. 

Vacuum, production of, 12. 
condition of, 210. 



V^aWes, blowing or snifting, 29. 
exhaustion, 40, 249. 
spindle, or button, 44, 

70, 111. 
throttle. 58, 116,249. 
safety, lever and spring, 

79. 
reciprocating and rotary, 

108. 
foot, 109. 
conical, 110. 
clack, single and double, 

109. 
spherical, or cup. 111. 
D-slide, 113. 
conical or cocks, 117. 
mechanism of, 30, 44, 60, 

1 19, 234. 
*• Volcano" steam ship, 229. 

Waggon boiler, 85. 
Water legs, 89. 

Watt's single acting engine, 40, 
46. 

double acting engine, 60. 
Wheel, fly, 56, 57. 

ratchet, 32. 

sun and planet, 47. 

paddle, 236. 
Williams' boiler, 96. 
Woolfs engine, 69. 
Worcester, marquis of, 21. 
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